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ABSTRACT 
A 2-year s tudy of the eco l o gy and l i fe h i story of the s na i l 
darter , Percina tanasi,  was conducted from 1974  to 1976 .  The s na i l  
darter wa s found  to be a s tri c t l y  benth i c  s pec i es  pri n c i pa l l y  a s soc i ated 
wi th a l arge r i ver g rave l  shoa l  ha b i ta t where i t  feeds and reproduces . 
I ts present  ra nge i s  restri c ted to the l ower L i tt l e Tennessee R i ve r  
and  a sma l l adjacent porti on of  t h e  Tennes see R i ver . I t  i s  s pec u l a ted 
that P. tanasi once occu p i ed a much wi der range i n  the upper Tennes see 
R i ver drai nage wh i ch has s i nc e  been curta i l ed by i mpoundmen ts . Th i s  
s pec i es wa s found  to be a s hort- l i ved darter whi c h , a l ong  wi th other 
members of the s u bgenus  Imos toma, s pawn s i n  mi d-wi nter . Larval  dri ft 
i s  a s i gn i f i cant  event i n  the l i fe of the s na i l darter , and earl y 
devel o pment  i s  very s l ow .  Adu l ts are mi gratory , e s pec i a l l y  dur i n g  the 
breed i ng season . The pri nc i pa l d i et con s t i tuents are gas tropods ; there 
i s  some u t i l i za t i o n  of  i n sects . A h i gh  degree of  s e l ect i v i ty i s  ex­
erc i s ed i n  procuri n g  the gas tro pod d i et ,  and there a re seasona l  trends 
i n  both d i et compo s i t i on and consumpt i on l evel s .  P. tanasi occu p i e s  a 
remote pos i t i on i n  the L i ttl e Tennessee food web . Preda t i o n  i s  thought  
to  be  h i g h  on the eggs  and  l arval s tages of P.  tanasi but  l ow on adu l ts . 
Paras i t i sm i s  very l ow .  The present  ecol og i ca l  s i tuati on of  the s na i l  
darter i s  thought to be cons i dera b l y  a l tered from that  o f  pre i mpoundmen t  
days . I t  i s  threatened w i th ext i nct i on  i f  the rema i nder of  i ts hab i tat 
i s  i nundated by the Tel l i co Dam . 
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INTRODUCTIOi� 
In August, 1973, an unknown species of darter of the genus 
Percina was discovered in the lower Little Tennessee River at Coytee 
Springs in Loudon County, Tennessee. It was discovered by David A. 
Etnier and Robert A. Stiles of The University of Tennessee and Samford 
University, respectively. It was subsequently described as a new 
species by Etnier (1975) after further collections revealed the 
occurrence of a viable and apparently restricted population. 
The new Percina proved to be a member of the subgenus Imostoma, 
which includes four rather closely related saddle-backed species and a 
fifth more distantly related member, F. shumardi. The four saddle-backed 
members are P. ouachitae ( Jordan and Gilbert ), a widespread form in the 
central United States; P .  UmostomaJ sp., a form currently being des­
cribed from the upper Coosa system ( Williams and Etnier, in press ) ; 
P. uranidea ( Jordan and Gilbert ), now restricted to the Hhite and Saline 
systems of Arkansas and Missouri; and its closest relative, P. tanas i, 
the new form from the Little Tennessee (Etnier, 1975). The now restricted 
range of P. tanas i ,  the snail darter, is the apparent result of impound­
ments which have inundated the remainder of its speculated natural 
habitat. A large river form, the snail darter was probably once abundant 
in the main channel of the Tennessee River and perhaps the lower reaches 
of some larger tributaries prior to impoundment. The natural range may 
have extended from the lower Clinch, French Broad, and Holston rivers 
downstream in the Tennessee drainage to perhaps the bend of the river 
area in northern Alabama. Thousands of collections have not revealed 
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its continued presence elsewhere besides the lower Little Tennessee River 
and proximate portions of the Tennessee. 
The discovery and restricted nature of the snail darter have 
placed it at the center of great controversy. The Tennessee Valley 
Authority1s Tellico Dam Project, begun several years before the discovery 
of the snail darter, would inundate or considerably alter the darter1S 
entire known range upon completion. Percina tanasi was placed on the 
Federal Endangered Species List in fall of 1975 .  At present, the fate 
of the snail darter and the Tellico Project lie in the hands of Congress. 
Due to the unique situation and uncertain future of the snail 
darter, it was decided to embark upon a study of its life history and 
ecology. To be gained from such a study would be valuable information, 
otherwise possibly lost forever, on a unique large river species. In 
addition, possible insight into many of the reasons which had contributed 
to its demise elsewhere as well as that of other fluvial species might 
be gained. With these objectives in mind, the life history research 
was initiated in the summer of 197 4 and continued through the summer of 
1976 with support from a research assistantship sponsored by the 
Tennessee Valley Authority (TVA). 
From the outset there were a number of difficulties associated 
with the study. The Little Tennessee presents a rather difficult study 
situation due to daily high flows and some extended periods of high 
discharge from Chilhowee Dam upstream of the snail darter1S habitat. 
Fishes were not abundant ir. the lower Little Tennessee and collection 
of snail darters and associated species required a considerable amount 
of manpower. The endangered status of P. tanasi placed limitations on 
the amount  of data wh i c h cou l d  be gathe red . In s p i te of these adver­
s i t i es , i t  wa s po s s i b l e ,  through hel p from a s so c i a tes at  The Un i ve rs i ty 
o f  Ten nessee and  TVA bio l o g i sts , to a s s i m i l ate a con s i dera b l e amount  of  
data wh i ch i s  a na l yzed and d i s cu s sed herein a l ong  wi th specu l a t i o n s  
perta i n i ng to  t he  s n a i l darter1s ecol ogy a nd  l i fe h i s tory .  
Th i s  study con st i tutes o n l y  the second l i fe h i s tory i nves t i gat i o n  
o n  a member o f  the subgenus lmostoma. Thomas (1970)  dis cus sed many 
a s pec ts of the l i fe h i story of P. shumardi i n  an ecol og i c a l  compa r i son  
wi th three other darters of the genus Per•cina. Unfortunate ly , the i n ­
c l us i venes s of the study demanded that he trea t each  s pec i es w i th 
brev i ty ,  and some a s pects were omi tted or  were not as certa i ned . I n  
add i t i on to P .  shumardi, more or  l es s  comp l ete l i fe h i s tory i n forma t i on  
has  been pu b l i s hed on on ly  4 o f  the  30 named members of the  gen us  
Percina: P. caprodes and P .  maculata ( Thoma s , 197 0 ) ,  P. phoxocephala 
( Page and  Smi th , 197 1) , and  P. sciera ( Page and Smi th , 1970) . Howe l l 
(197 1)  compl eted an  exce l l en t  but as  yet unpub l i s hed s tudy of P. 
aurantiaca at  The Un i vers i ty of Tennes see . I n  add i t i o n to these more 
compl ete stud i es , severa l publ i ca t i ons treat one or  mo re a s pects of  the 
l i fe h i s tor i es of  var i ous  s pec i es of Percina. Turner (1921) and 
Mu l l an et a l . (1968 ) considered on l y  feed i ng habits of P. caprodes. 
Re product i o n  wa s the ma i n  thru s t  of  s tud i es on P. caprodes ( Hubbs , 196 1; 
Re i ghard , 1913; Wi nn , 1958 ) ,  P. copelandi ( Winn , 1953 ) ,  P. maculata 
( Petrav i c z ,  1938 ) ,  P. notagramma and  P .  peltata ( New , 1966; Loos and 
Wool cott , 1969 ) ,  and P .  nigrofasciata ( Mathu r , 1973 ) .  Thi s s ummar i zes 
mos t  papers wh i c h treat l i fe h i s tor i es  o r  eco l og i es of the genus  i n  any 
depth . I t  i s  c l ear  that there i s  cons i derabl e yet to be l earned a bo u t  
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this i mportant  group of f i s hes  wh i ch are  so i nd i cati ve  of  certa i n  k i nds 
of  env i ro nmenta l qua l i ty .  
T h i s s tudy i s  offered a s  a contri bution t o  the l imi ted knowl edge 
we now have of  the eco l og i ca l  req u i rements of l a rge  r i ver  s pecies. I n  
part i cu l ar , i t  attempts to he l p  fi l l  the vo i d  wh i ch has thus  fa r ex i s ted 
concern i ng a poor l y  known s ubgenus  of perc i d  f i s he s --in s p i te of the 




Sna i l  darter stud i es were conducted pr i ma ri ly  at the natura l 
habi tat i n  the l ower L i tt l e Ten nes s ee R i ver . A study s i te of  part i cu l a r  
note i s  t h e  type l oca l i ty at Coytee S pr i ng wh i c h serves a s  perhaps the 
po pu l at i on center for P. tanasi and  i s  eas 1 l y acces s i b l e .  Here data were 
gathered concern i ng a l l a s pects of the s na i l darter 1 s  life h i s tory . 
Surveys re l a ted to d i s tr ibu t i on and  hab i ta t def i n i t i on were conducted 
throughout  the l ower 30 km of the river  as  we l l as  i n  the Te nnes s ee R i ver 
proper . I n  excess  of 80 trips were made to the L i ttl e Tennessee and  other 
r i vers dur i ng  the 2 -year per i od from J une , 197 4, to J u ne , 1976.  Some 
add i t i ona l  i ns i ght  wa s ga i ned from obs erva t i on of s pec i mens reta i ned 
i n  aquar i a .  
Techn i ques u sed i n  gather i n g data and/or sna i l  darter s pec i mens  
were underwater observation and photogra phy , s e i n i ng ,  and  sod i um cya n i de 
appl i cat i ons . Underwa ter observa t i ons were mos t  often accomp l i s hed by 
snorke l i ng and  occa s i ona l l y  by scuba d i v i n g .  The temperature reg i me of  
the  L i tt l e Ten nessee demanded the u se  of a wets u i t throughou t the  year. 
Underwater photographs were taken w i th a s tanda rd Koda k XL-10 Super 8 mm 
mov i e  camera encased i n  an  I kel 1 te hous i ng .  The u se  of high-speed 
Ektachrome fi l m  ( Koda k 464) made ava i l abl e day l 1 g ht adequate for this 
purpose . 
F i s h  to be captu red were u sua l l y  s e i ned . The re l a ti ve l y  l ow 
dens i ty o f  f i s hes  i n  the l ower L i ttl e Tennessee a l ong with s trong cur­
rents and the general  demeanor of the  s na i l da rter and i ts a s soc i ates 
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made fi s hes d i ffi c u l t to co l l ect compared wi th mos t  other ri vers . A 
s e i n i ng c rew of fi ve  or more persons wa s v i rtua l l y  a neces s i ty for 
effect i ve  col l ect i ng . Seines 4 m i n  l ength ha v i ng 5 mm mes h  were com­
mon l y  u sed , and the most effect i ve techn i que was k i c k i ng downs tream i nto 
a se i ne wh i c h had been set  aga i n s t  the current i n  s hoa l  areas . Add i ­
t i onal  s pec i mens  were co l l ected by u s i ng sod i um cya n i de a s  an immob i l i z ­
i ng agent . Appl i cati ons of th i s  c hemi ca l  were genera l l y pl aced 3 0 m 
a bove a 6 m o r  1 6  m b l oc k  net . Th i s  method wa s effi c i en t  o n ly  dur i ng 
per i ods of  warmer water temperatu res. Other s pec i mens were captu red by 
the u se  of a hand net wh i le d i ving . Al l s pec imens to be reta i ned a l i ve 
were trans ported i n  s tyrofoam conta i ners , and a l l s pec i mens to be pre­
s erved were pl a ced i n  1 0  percent forma l i n .  
Ha bi tat 
Surveys  of habi tat and  general beha v i or were conduc ted by under­
water o bs ervat i on .  Va r i ou s  deta i l s  of the hab i tat and behav i or were 
recorded on mov i e  fi l m  for l ater study .  The entire l ower r i ver  wa s 
s urveyed wi th res pect  to poten t i a l  habitat and the occurrence of s na i l 
darters by d i v i n g ,  s ein i ng , and cyan1de techn i ques . Much of  th i s  s u rvey 
wa s accompl i s hed on a s er i es of canoe t r i ps down the  Litt l e  Tennes see 
wh i ch i nc l u ded the area from Toqua  Creek at  r i ver  km 35 . 2  to  the mou t h  
as  del i neated by TVA map 65-MS- 453 obta i ned from the  Ma ps and  Serv i ces  
Branc h .  Thermograph i c ,  d i s c harge , and wa ter qua l i ty data were obtained 
i nd i rect l y  from the Hydro l og i c  Data Branch  or  Da ta Serv i ce Branch of  TVA 
throug h  the i r b i o l og i sts . A study of current ve l oc i ties was a l so con­
ducted  u s i ng a USGS Gurl ey-type pi gmy cu rrent me ter , and thermogra ph i c  
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data were s u ppl emented by a pocket thermometer . 
Popu l at i on Stud i e s  
Popu l at i on characteri s t i c s  presented perhaps o n e  of  t h e  mos t  
c ha l l eng i ng probl ems i n  the s tudy .  The aforement i oned d i fficu l t i es i n  
o bta i n i ng s u bs tant i a l  numbers of sna i l darters l i m 1 ted convent iona l  
s tud i es on popu l at i on  dynami cs  to  a great exten t . However , reasonab l y  
effec t i ve s tud i es were conduc ted i n  g rave l s hoa l  area s . 
I n  add i t i o n  to re l a tive se i n i ng resu l ts , attempts to quan t i fy 
l oca l dens i ty were accompl i s hed  i n  two ways. During the warmer mo nths  
( August  to  October , 1 975 ) , a s e r i es  of sodium cyan i de app l i cat i ons  were 
empl oyed cover i ng v ar i ous  hab i tats i n  the To l l i ver  I s l and-Coytee Spr i ng 
a rea . A 1 6  m sma l l mes h  b l ock  net was ancho red 5 m from e i ther end , and 
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the  ends were q u i et l y  as  po s s i b l e  brought  pa ra l l e l to the cu rrent formi ng  
three  s i des of a box . A 5-m se i ne p l aced acros s the ups tream open i ng 
2 comp l eted t he enc l os ure . Thus , 25 m wer e  comp l ete l y  c l osed  to f i s h  
movemen t  i nto and o u t  o f  the a rea , a n d  a l l  s pe c i mens co l l ec ted aga i n s t  
the bl ock  n e t  a fter cyan i de app l i cat i on s hou l d  have repres ented the 
per-area dens i ty .  Sod i um cyan i de was p l aced in the water approx i mate ly  
30 m above  the  enc l o s u re to  i ns u re effect i venes s . Specimens  were 
q u i c k ly  rev i ved after removal  from the net by pla c i ng them i n  styrofoam 
conta i ners f i l l ed wi th fresh  water and were retained there i n  unt i l com-
p l eti on of the s urvey .  
A s econd me thod of dens i ty es tima t i on was empl oyed by TVA 
b i ol o g i s ts . Some of the i r  f i nd i ng s  are i ncorpo rated i nto th i s  s tudy .  
Swi mmi ng  transects  over va r i ous  ha b i tat types were conducted by d i vers  
be l ow Dav i s  I s l and , at Morgan ton Ferry , in  the  Coytee-To l l i ve r  I s l and 
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a rea , and bel ow Da vi s Ferry. Transec ts approx i ma te l y  5 m i n  width and  
1 6  m l ong were covered by fou r observers . A bar wa s pus hed a head of the 
swi mmers to d i s l odge sna i l da r ters  from thei r h i d i ng p l aces . However , 
these obs ervat i ons  were conducted a few weeks  after the cya n i de census  
and fo l l ow i n g  remova l of over 400  s pecimens by TVA for tran s p l antati on . 
Therefore , they cou l d i n  no way be d i rec t l y  correl ated wi th the res u l ts 
of the cyan i de census , and i t  wa s not pos sib l e  to es timate the effic i ency 
of the transec t  method in l i g ht of the po ss i b l e  abso l u te den s i ties 
determi ned by the cya n i de method . An exampl e of raw transect data wi th 
a mea s ure of va r i a b i l i ty appears in Ta b l e 1 and seasona l  res u l ts a ppea r 
i n  Ta b l e 2 .  
Some ma rk  and rel ease studies we re i n i tiated by both the a u thor 
and TVA b i o l o g i sts  in attempts to a c h i eve popu l a t i on e s t i ma tes and s tudy 
movements , but these proved to be of ma rg 1 na l  s uccess  due to the 
i nfeas i b i l i ty of capturi ng  and  r e l easing l arge numbers of s na 1 l darters 
i n  a s hort t i me .  Pel v i c  f i ns were c l i pped a s  mar ks of i dentif i cat i on . 
Sex and age compos i t i on and mo rtal i ty rates of the popu l ation 
were determ i ned from data taken l a rge l y  from 273 snail da rters co l l ected 
by TVA biol og i sts  i n  February , 1 976 , for tran sp l antation to the H i wa s see 
R i ver . Sex compo s i t i o n was  ea s i l y  determ i ned due to the ma rked 
d i morph i sm of the ana l  fi n. Length-frequency ana l ys i s  wa s emp l oyed to 
determi ne age compos i t i on .  S pec i mens captured th rou ghout  the 2-year 
study per i od were a l so  ut i l i zed to s u ppl ement th i s  data i n  certa i n 
a na lyses . 
Table 1 .  Example of TVA Percina t anasi Popul�tion Study Transect 
Observation Data (Observations/SO m ) with a Measure of 
Variability (SD) 
Transect Area 
Run No. 2 3 4 5 
l 2 3 0 0 2 
2 2 4 0 0 0 
3 2 2 3 
4 0 0 3 3 
5 0 
x 1 . 20  2 . 00 . 33 1 . 00 1 . 80 
SD 1 . 09 1 .58 . 57 1 .  22 1 . 30  
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Overall 
1 . 34 
1 . 26 
Ta b l e 2 .  Mean  Sea s ona l Observa t i on Fre quenc i es i n  TVA Percina tanasi 
Po pu l at i on  Transect Stud i es 
1 0  
Hab i tat Area R i ver km Summer W i n ter S�r i ng 
Bel ow Dav i s Ferry 6 . 65 1 . 56  
Coytee S pri ng-
Tol l i ver  I s l a nd 1 1  . 70 1 . 06 . 63 
Morga nton Ferry 20  . 1 5  . 03 . 42 
Dav i s I s l and  2 5  . 07 . 1 3  . 1 6  
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Age and Growth 
Age and growth stud i es were fac i l i tated by s ca l e ana l ys i s ,  l ength­
frequency data , and l ength-we i ght  re l a t i onsh i ps . A l l body mea s u rements 
were ba sed on standard l ength determi ned by use  of  vern i er ca l i pers . 
Sca l e ana l ys i s  was accomp l i s hed by se l ect i ng  fi ve s ca l es i n  s ucces s i on 
from the sca l e  row i mmed i a te l y  bel ow the l a teral  l i ne at  a po i n t beneath  
the  dorsa l  f i n or i g i n .  Sca l es were removed from the  r i ght  s i de of  72  
s na i l darters rang i ng from 38 mm to  67  mm standard l ength  and  mou nted 
between g l a s s  s l i des  secured at  the ends wi th mount i ng  cemen t  (F i s her  
Permount ) and  ta pe to  prevent s l i ppage . Sca l es were read by proj ect i o n  
at  SOX magn i f i cat i on o n  an Eberbach 2700 sca l e proj ecto r .  Sca l e  s l i des 
to be photogra phed were moun ted on a U n i tron Ser i e s  N i n verted m i c ro ­
scope wi th 3 5  mm camera a ttac hment . The rel a t i ons h i p  between sca l e  
growth and body growth was determi ned by l i near regre s s i on a na lys i s ,  and  
a ppl i ca t i on  of  l ogari thms to  the bac k-ca l c u l ated growth c urve gave  the 
best i l l u s trat i o n  of growth rate . Length-frequ ency data used i n  the 
a ge s tudy were adapted from measurements taken from the TVA trans p l ant  
ma teri a l  a s  stated prev i ous l y .  Where necessary , tota l l ength  meas ure­
ments empl oyed by TVA b i o l og i s ts were con verted to standard l ength to  
fac i l i tate compar i sons  i n  th i s  s tudy . Th i s wa s accomp l i s hed by 
mu l t i p l i cat i on of  total  l ength  by 0 . 87 ,  a con vers i o n factor determi ned 
from measurement of s tandard and  total  l engths of a series of adu l t 
s na i l darters of  vari ous  l engths . 
Data for l eng th-we i ght s t ud i es were col l ec ted from 30  sna i l darters 
preserved over the course of  the s tudy . Ev i s cerated i nd i v i dua l s  were 
we i g hed to the neares t 0 . 01 mg on an A i nsworth Type l ON ba l ance a fter 
thorough bl ott i ng; the abdom i n a l  contents were removed to prevent mi s ­
c a l c u l a t i ons  d u e  t o  vary i n g  s tomac h  contents o r  gonad we i ghts . 
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Regress i o n  ana l ys i s  was aga i n empl oyed i n  s tudy i ng l ength -weight re l a t i on­
s h i ps . 
Reproduct i on and  Ear ly  Devel opment 
S tud i es on reprod uct i ve a s pects of sna i l darter l i fe h i s tory a l so 
proved d i ff i c u l t ,  a l thou gh some facets s uch  as  s pawn i ng season  deter­
mi nat i on were q u i te eas i l y  a c h i eved by exami na t i on of a few spec i mens . 
S pawn i ng behav i or and  deta i l s  of the s pawn i ng habi tat were stud i ed i n  the 
L i tt l e  Ten nessee R i ver by means  of underwa ter observat i ons . These 
act i v i t i es were recorded on mov i e  fi l m  for l a ter ana l yses a s  we l l  as 
be i ng recorded i n  f i e l d notes . Se i n i ng su rveys a i ded i n  determi n i n g 
the d i str ibu t i on  of  i nd i v i dua l s w i th i n  the s pawn i ng habi ta t at  va r i ous  
t i mes  dur i n g  the  season . Deta i l s  of  breed i ng col ora t i on were ta ken from 
photographs of fre s h l y  preserved i nd i v i d ua l s  and  from notes  taken i n  the 
f i el d .  
Gonada l devel opmen t  and fec und i ty were determi ned by d i s sect i on  
data taken from the  7 2  sna i l darter s pec i mens  preserved dur i ng the  s tudy . 
Fecund i ty wa s est i ma ted by p l ac i ng both ovar i es f rom an  i ndiv i du a l  i n to 
a gr i dded counti ng cel l .  The ova were s ca ttered over the cel l i n  a 
s i ng l e l ayer and  mi xed so a s  to be a s  heterogenous as  po s s i bl e w i th 
respect to s i ze .  Fou r  sampl es  were taken by remov i ng and  coun t i ng a l l 
ova from four  random gri d squares . Ova were segregated and  counted as  
to  matur i ty .  Ova 1 . 5 mm i n  d i ameter and  dark yel l ow i n  col or  were con­
s i dered mature . The mean va l ues  for each c l a s s  were mu l t i p l i ed by the  
tota l number of  gr i d squares  to a c h i eve the e s t i mates . 
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Ea r l y  devel opment wa s stud i ed by means  of art i f i c i a l  ferti l i za t i on . 
Approx i mate l y  90  eggs were s tr i pped from a r i pe fema l e  s na i l darter and 
fert i l i zed i n  a s ha l l ow d i s h w i th m i l t  s tr i pped from a nupt i a l  ma l e .  
Al l ova were depos i ted i n  a sma l l amount  of wa ter before ferti l i za t i on 
a pprox i mate ly  20 seconds l ater . Compl ete fertil i zat i on  wa s ach i eved 
desp i te the i n terl ude by bath i ng the eggs i n  the concen trated mi l t  
so l u t i on for about  30  second s , then p l ac i ng them i n  a p i n t  j a r  of  water . 
They i mmed i a te l y  became ad hes i ve to the s i des o f  the j a r  and were thus  
tra ns ported i n  a cool er to the  l a boratory . At  the  l a boratory , they were 
tran s ferred to two sma l l aqua r i a  conta i n i ng about  3 em of  c l ean r i ver 
water . An  a i r stone was  pl aced at  one end of  each conta i ner  for aerat i on 
and both were ma i nta i ned i n  an i nc ubator at  1 2 . 5° C .  Eggs and l arvae 
were per i od i ca l l y  removed by means  of  a baster , p l aced i n  a watch 
g l as s , and exami ned a l i ve beneath a d i s secti ng s cope . Some spec i mens  
were per i od i ca l l y  removed for preserva t i o n  i n  5 pe rcent forma l i n .  I n  
th i s  way , ova and l arvae were ma i n tai ned and s tudi ed fo r 24 days before 
the l a s t  l arva s ucc umbed . Deve l opmen ta l  s tages and s tructures  were 
stud i ed wi th referra l to Bo l i n  (1930 ) ,  Lippson and Moran (19 74 ) ,  and 
Oppen he imer (1937 ) .  Artemia and Daphnia cu l tures  were i n i tia ted to feed 
the l a rva l s na i l da rters had they s u rv i ved . 
Food and Feed i ng 
Data on d i etary hab i ts were gathered both by d i rect underwater 
feed i ng observa t i o n s  and ana l ys i s  of  d i ss ected s pe c i mens . Feedi ng 
observati ons  were conducted on sna i l  darters as  we l l  a s  assoc i a ted 
s peci es  to ga i n  i ns i ghts  i n to pos s i b l e feed i ng i nterre l a t i o ns h i ps . 
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A tota l of 244 fi shes  from the L i ttl e Tennessee R i ver wa s 
d i s sected for th i s s tudy , i nc l u d i n g  67  sna i l darters and  17 7 spec i men s 
of a s soc i ated spec i e s . Exc i s i on data fo r 10 s na i l  da rters and 7 7  
assoc i ates  were obta i ned from TVA b i o l og i sts a n d  i ncorporated i n to the 
res u l ts s umma r i zed i n  Append i x  A .  Spec i mens for d i s sect i on  were col l ected 
per i odi ca l l y  thro ughout the 2 -year s tudy and represented a l l seasons  of 
the year . These spec imens  were preserved i mmedi ate l y  upon capture to 
m i n i mi ze l os s  of  gut contents . Prey i tems were i dent i f i ed wi th  a s s i s t-
ance from Burke (1953 ) ,  H i tchcock (1974 ) ,  Johannsen (1969 ) ,  Penna k 
(1953 ) ,  Ros s  (1944 ) ,  and Ward and  Wh i pp l e (1959 ) .  Gas tropod i dent i f i ca­
t i ons  were veri f i ed by D .  J .  Bereza and S .  L .  H .  F u l l er o f  the 
P h i l adel ph i a  Academy of Natural  S c i ences . Hydropsyc h i d  cadd i sf ly  
l a rvae were ver i f i ed by G .  A .  Schuster , The Un i vers i ty of  Tennessee . 
A l l prey i tems exc i sed were s egregated w i th respect to occu rrence i n  
the s tomach o r  i n tes t i ne to a i d  i n  ana l yz i ng tempora l  feed i ng patterns .  
B i oma s s  determ i nat ions  of  i nd i v i dua l  prey i tems were made by wei gh i ng 
l arge ser i e s  of  und i gested i tems ( b l otted ) to the nearest 0 . 01 mg and 
se l ect i ng the mea n . Gas tro pods were we i g hted wi th the s he l l removed . 
Severa l attempts were made to obta i n  quant i tati ve data on L i ttl e 
Tennessee  benthos for use  i n  food ava i l ab i l i ty stud i es . Surber s amp l ers  
were experi men ted w i th i n i t i a l l y ,  but  i t  became obv i ous  upon exami nat ion  
of s amp l e contents t hat  ga stropod s , i mportant s n a i l darter prey i tems , 
were not be i n g adequatel y s amp l ed ;  they were not eas i l y swept i n to the 
s amp l er due to the i r exces s i ve we i ght . Another method i nvo l ved s i mp l y  
handp i c k i ng a l l s na i l s  from a g i ven area (0. 1 m2 ) , b u t  th i s , too , proved 
not feas i bl e ,  e spe c i a l l y  duri ng per i ods  of  h i gh fl ow .  U l t i ma te l y , TVA 
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b i o l og i s t s  empl oyed a s u c t i o n  dome samp l er wh i ch atta i ned better resu l ts .  
Sea sona l data from th i s  s amp l er were i ncorporated i n to the ava i l ab i l i ty­
se l ect i v i ty ana l ys i s  i nc l uded here i n  wh i ch was ba sed  pri n c i pa l l y  on  
methods set forth by I v l ev (1961 ) . 
Aquar i a  
Two types of  aquar i a were empl oyed duri ng the course of  th i s  
s tudy , both o f  wh i ch proved s uc ce s s fu l  i n  ma i nta i n i ng s n a i l darters but  
ne i ther of  wh i ch wa s s u cce s s fu l  i n  ach i ev i ng the pr i nc i pal goa l - -obser­
vat i ons  on  reproduct i on . However ,  some val uab l e  data on feed i n g and 
other behav i o r  were obta i ned . 
The f i r st  type of aquar i um was a 3 700 1 v i nyl backyard wad i ng 
poo l . Natu ra l s u b s trate from the L i tt l e  Tennes see Ri ver was p l aced on  
the  bottom and a pl a s t i c 37  1 garbage conta i ner we i ghted wi th roc ks  wa s 
p l a ced i n  the center . A s u bmers i b l e  pump , the i ntake co vered by 
s creen i ng , was pl a ced i n  the poo l to prov i de c i rcu l a t i on . Thus , a 
c i rcu l ar raceway compl ete w i th recycl i ng c urren t  wa s prov i ded . Kept 
out of d i rect s u n l i ght , th i s  arrangement proved q u i te sat i s factory for 
ma i n ta i n i ng s na i l darters , but  they were d i ff i c u l t to observe from above . 
A s econd conta i ner  was s i mp l y  a 370  + l  aquari um about 2 m i n  
l ength . Aga i n  s u b s trate was pro v i ded and a s u bmers i b l e  pump p l a ced  a t  
o n e  end .  T h e  i n take hose for t h e  pump was s i tuated a t  t h e  oppos i te end 
of the tank creat i ng a fl ow cyc l e .  L i ght  was prov i ded by an overhead 
f l uorescent  s tr i p l i g ht act i vated by a t i mer to con tro l photoper i od .  
Ma i ntai ned i n  a basement a tmosphere , the wa ter temperature rema i n ed 
near l y  cons tant  at  15° C. 
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Bas ed on personal  experi ence , s na i l  darters were one of the darter 
s pec i es s l owest  to acc l i mate to confi nemen t ,  s er i ous l y  l i m i t i ng c hances 
of observ i n g s pawn i ng behav i or .  Once a cc l i ma ted , however ,  they became 
a bl e competi tors i n  the aquar i um ,  q u i c k l y  outcompet i ng s pe c i e s  s u c h  a s  
P .  burtoni ,  wh i ch fed more de l i cate l y .  
CHAPTER I I  
GENERAL C HARACTERI S T I CS AND BEHAV I O R  
S pec i f i c  c ha ra cter i st i cs  or behav i or re l ated to feed i ng and  re­
product i o n  are d i scus sed l ater i n  a ppropr i ate chapters . As i de from 
thes e , genera l character i s t i cs of s na i l darters may be broad l y  categor i zed . 
L i ke mos t  darte rs , P. tanasi demonstrated a pr i ncipa l l y  benth i c 
mode of l i fe .  Accordi ng ly , s na i l da rters pos se s s  ma ny of  the adapta­
t i ons  evo l ved thus far by bottom-dwel l i ng i n hab i tan ts of  l ot i c  env i ron­
ments . Pectoral and pel v i c  f i n s  are l ocated ventra l l y  to fa c i l i ta te 
ga i n i ng purchase on  the s ubstrate and the pectora l f i n s  i n  pa rt i cul a r  
serve as  hydrodynami c adaptat i on s  t o  enab l e  t h e  darter t o  ma i n tai n i ts 
pos i t i on i n  strong cu rrent ( Hynes , 1 97 0 ) . 
Adu l t and s ubadu l t  sna i l darters were observed to ma i n ta i n  a 
rheotax i c  or i entat i o n  at  a l l t i mes  i n  a reas of  s trong curren t . Though 
the body may have been some t i mes  obl i que  or even perpen d i c u l a r  to the 
curren t , the head wa s usua l l y  o r i e n ted ups tream regard l es s  o f  the 
act i v i ty .  They were rel uctant to a bandon th i s  or i entat i on and  u s ua l l y  
d i d  so  on l y i n  the face  o f  overt  downs tream pursu i t .  I n d i v i dua l s  ob­
served i n  deeper a reas  wi th s l ower current were cons i dera b l y  l es s  
or i ented t o  t h e  d i rect i on o f  fl ow . When con ten d i ng w i th  very s trong 
current , s na i l darters occas i ona l l y  braced themse l ve s  between stones w i th 
outs tretched pectora l fi n s  o r  reposed  transverse ly  on the ups tream fa ce 
of a s tone . 
As further adaptati on  to i ts hab i tat , the sna i l darter has 
evo l ved an  effect i ve pattern of  protecti ve co l orati on . L i ke three  o ther 
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members o f  i ts s u bgenus , P. tanasi has a s trong ly  deve l oped set o f  
dors a l  sadd l es ( F i gure l ) whi ch serve a s  d i srupti ve col ora t i on camou­
fl ag i ng i t  a ga i ns t  t he  gravel - s and s u bs tra te . Rema i n i ng sedentary for 
l ong per i od s  of  t i me , sna i l  darters were virta u l l y  i nv i s i b l e  aga i ns t  th i s  
background . I n  a dd i t i on to members o f  Imostoma, s i mi l a r col or  pa tterns 
have i ndependent ly  evol ved i n  severa l gravel - a s soc i ated s pec i e s s u c h  as  
Hypente lium nigricans , s evera l Cottus s pec i es , a nd a dozen or  so darters 
of  the genus Etheostoma, a s  we l l  a s  Ammo crypta asprel la .  The co l o ra t i on 
advantages po s ses sed by these spec i es are c l earl y ev i dent i n  the h i gh l y  
contra s t i n g  co l or rea l m  of the gravel  a reas , but  they further pos se s s  
the  ab i l i ty to  b l anch  o ut  the i r s tro ng dorso l atera l mark i ngs  i n  con­
forma nce wi th more u n i forml y co l o red  s ubs trate , s uch  as  sand , and  thus  
rema i n  nea r l y  i nv i s i b l e .  I n  add i t i on to thi s  c a l o r i f i c behav i o r , s n a i l 
darters co nf i ned to aqua r i a  often bur i ed themse l ves be neath the s and 
su bstrate  wi th only the eyes rema i n i ng v i s i b l e .  Th i s  was very l i ke l y  a 
demons trat i on of natural  behav i or . As an avo i dance meas ure aga i n s t  
preda t i on , o r  s imp l y  a resp i te from the current  for energy conserva t i on� 
th i s  behav i or  a ffo rded o bv i ou s  advan tage s .  
There wa s l i tt l e  d i morph i sm i n  co l or pattern between ma l e  and 
fema l e  s na i l  darters . However ,  i ntens i ty va r i ed grea t l y  espec i a l l y  
dur i ng s pawn i ng a ct i v i ti e s . As w i th o ther members of  Imostoma, there 
wa s marked d i morph i sm i n  the l ength  of the anal f i n ,  the mal e ' s  be i ng 
much l onger . 
Un l i ke the more advanced per c i ds o f  the genus  Etheostoma, 
Percina genera l l y  do not ex h i b i t  terr i tor i a l i ty ,  though some may 
exerc i se a degree o f  mov i ng terri tory ma i nten ance or i nd i v i dua l space  
F i gure 1 .  Adul t male ( top) and  fema l e Percina tanasi 
( 1  . 2  x l i fe s i ze). (Co l or pri n ts are prov i ded in fi ve or i g i na l  
copi es of th i s d i s serta ti on.) 
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( Wi nn , 1 958 ) . Accord i ng l y ,  P. tanasi s eemed to move random l y  abo u t  the 
hab i tat w i th no estab l i s hed terr i tori es . Low popu l a t i o n  den s i t i es d i d  
not permi t obse rva t i ons  o n  mov i n g  terri tory ma i n tenance . Aquari um- he l d 
spe c i mens  were , to the contrary , qu i te gregari ous  and  were t i mid i n  the 
face of aggres s i on from even sma l l er darters of the genus  Etheostoma. 
Wi th i n  a per i od of  a few months , a g i ven  gravel s hoa l area may have 
served as a home range for a parti cu l a r s na i l  darter i nd i v i dual , b ut  
mi grat i on patterns i nd i ca ted that  th i s  wou l d  not  have been true on  a 
l ong- term bas i s .  Thus , the concepts of terri tori a l i ty a nd/or home range 
genera l l y  were not appl i cab l e to P .  tanasi .  
Concern i ng behavi oral  i n teract i ons  wi th other spec i e s , i t  was 
s tated above that s na i l darters were nonterr i tori a l  and unaggres s i ve 
towa rds other spec i es wh i l e  i n  confi nement . On the rare o cca s i on s  when 
i nterspec i f i c  encoun ters were ob served i n  the f i e l d ,  l i t t l e i nteract i o n  
occurred . Once or  twi ce s na i l darters fol l owed the  o ther i nd i v i d u a l  
br i efl y ,  but  genera l l y  they res umed ori g i n a l  acti v i ty w i th i n a s hort t i me .  
Aga i n ,  l ow popu l at i on den s i t i es s i mpl y d i d  not  pe rm i t adequate observa­
t i ons  of th i s natu re i n  the natu ra l  hab i ta t .  
CHAPTER I I I  
HAB I TAT 
The known macroha b i tat of the s na i l darter i s  the l ower L i ttl e 
Tennes see R i ver system and a smal l port i on of  the ma i n  Tennessee  Ri ve r .  
Thoug h  the  L i tt l e Tennes see sys tem i s  2 1 4 km i n  l ength , the known range 
of the s na i l darter was found to be  the l ower 28  km o r  so  of the r i ver and  
a l so may extend downs tream i n  the  Tenne s see R i ver  1 6  km  or  more to  the 
v i c i n i ty of  Loudo n , Tennes s ee , from t i me to t i me .  
The L i tt l e Tennes see i s  e s s enti al l y  a mounta i n  r i ver throughout 
much of i ts l ength . However , the l ower 48 km fl ows through a wi de va l l ey ,  
and the s tream i s  muc h  more pastora l  i n  nature , fl owi ng  through farm 
l and and patchy forests . One pr i n c i pa l  tr i butary , Te l l i co R i ver , ente rs 
the L i ttl e Tennessee  just above the upper extremi ty of  the s na i l darte r ' s 
ha b i tat , and a number of l esser  tr i butari es  en ter the 28- km s tretch  of  
r i ver  bel ow th i s  po i nt ( F i gure 2 ) .  Tri butari es a pparent l y  do  not  con ­
s t i tute any porti on of  the sna i l darter's hab i ta t .  I n  1 957  the l ower 
L i tt l e  Tennessee was i mpounded 53  km a bove the mouth by Ch i l howee Dam 
near Tal l as see , and the en ti re cr i t i ca l  porti on of P. tanas i' s hab i tat 
now fal l s  under the i nfl uence o f  i ts ta i l waters . 
Wi th i n  i ts macroha b i tat , P. tanas i prefers the exten s i ve gravel  
s hoa l area s . Popul a t i on dens i t i es were h i ghest  i n  the shoal  area s where 
s na i l  darters repro duce and feed exten s i ve l y .  Suc h  s hoal s ex i s t today 
i n  the Dav i s  Ferry area from 6 . 4  to 9 . 6  km above the mouth o f  the L i tt l e 
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F i g ure 3 .  Profi l e  of l ower L i tt l e Tennes see  Ri ver s howi ng  bottom confi gu rat i o n , predomi n a n t  
s ub s tra te types , and pri nci pa l  l a ndmarks  ( a dapted i n part from Ki ngman n ,  1 900 ) .  N 
w 
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Tol l i ver  I s l and- Coytee Spr i ng area 1 1 . 2 to 1 5 . 6  km ups tream of the 
mouth ; Morganton  Ferry , r i ver km 1 9 . 6  to 2 2 . 4; and Dav i s I s l and at  r i ver  
km 2 5 .  Marg i na l  hab i tat ex i s ts at  Ro se I s l and ( r i ve r  km 2 7 ) , but  ob­
servati ons  and  cyan i de  s ampl i ng fa i l ed to  demons trate the presence of  
s na i l darters there . Ki ngman ( 1 900 ) i nd i cated that a s i m i l ar shoa l 
ex i s ted near the mouth  ( F i g ure 3 )  on  the west s i de o f  B u s se l l I s l a nd 
before a l terat i ons  re s u l t i ng  from dam constru ct i on occurred . 
I n  terms o f  hab i tat i on , deep water areas a t  fi rst  g l a nce appeared 
to cons t i tute a rel at i ve l y  u n i mportant and l i tt l e u t i l i zed porti on of 
the macroha b i tat . However , as wi l l  be d i scu s s ed under reprodu cti on , thes e  
areas may s erve a s  cri ti ca l re fu g i a  for the ear l y  deve l opmen t o f  l a rva l 
s na i l darters a nd were i nhabi ted to s ome exten t by trans i en t  adu l ts .  Such 
deep water bas i ns ( F i g ure 3 )  occur between B u s se l l s  I s l and  and Dav i s 
Ferry ( ri ver km 1 . 6 to 4 . 8 ) , be l ow Morganton Ferry ( about  r i ver km 1 7 . 6 ) , 
and bel ow Dav i s I s l and shoa l s ( r i ver km 25 to 2 8 ) . 
D i mens i on s  
The l ower porti on o f  t h e  L i ttl e Tennes s ee has  an  average w i dth 
i n  excess  of  1 00 m .  I t  may approac h  200 m i n  areas i nters persed w i th 
i s l ands . 
Depth  i n  the L i ttl e Tennessee  i s  h i gh l y  vari a b l e wi th res pect  
to  both the natu re of  the  bed  and  f l ow reg i me .  As i de from the re l at i ve l y  
sma l l vol ume o f  i nput by tri butar i es , the fl ow o f  the l ower r i ver i s  
regul ated s o l e l y  by Ch i l howee Dam . I n  a normal year , fl ows vary from 
l ows of 1 35 m3;sec to near 1 ,440 m3;sec dur i n g  the  w i nter ( adapted from 
TVA data ) . I n  t i me s  of  heavy fl ood i ng , d i scharges may exceed the  normal  
max i mum wi th a record d i scharge  of over 2 , 1 60 m3; sec  recorded i n  1 97 3 . 
No rma l l y ,  d i s c ha rge was l ow overn i ght  and  h i gh fl ows res umed dur i ng the 
day a t  pea k  generat i on hours . A 4- to 8-hour l ag occu rred before d i s -
charge i nc reases  were rea l i zed i n  the l ower r i ve r . Thus , f l ows and  
depths  typ i ca l l y i ncreased every afternoon and  were l ow dur i ng the 
morn i ng .  
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At l ow fl ow ,  depths in  the gravel  shoal  hab i ta t a reas  ranged  from 
a few cen ti meters to 3 m or  so . Areas  where P. tanasi mos t  frequent l y 
was enco untered ranged from 0 . 3  to 0 . 7  m i n  depth . At no rma l h i gh f l ow 
( 540-630 m3; s ec ) , depths i ncreased by approx i mate l y  0 . 5  m ( Tab l e  3 ) . 
Deeper areas of  the ri ver be l ow the s hoa l  areas ranged from 5 to 6 m a t  
l ow fl ow .  Though  s teamers  negot i a ted t h e  Li ttl e Tennessee a s  far u p ­
s tream a s  C i t i co Creek i n  the 1 800s , mi n i mum channe l  depths i n  s hoal 
a reas  appro ached 0 . 6  m ( Ki ngman , 1 900 ) . Further exam i na t i on of F i g ure 3 
i nd i cated tha t , a t  l ow fl ow , depths were not s u b s tant i a l l y  a l tered from 
prei mpoundment d ays , a s  the  present  depth profi l e  rema i ne s  e s senti a l l y  
the same . 
Current Regi me 
Cu rrent  ranged from moderate to very s trong i n  s hoa l  areas mo s t  
frequented by s na i l darters . I t  varied d i rectl y w i th d i scharge from 
Ch i l howee Dam and , thus , u s ua l l y  fl u ctuated w i d e l y  on a da i l y  bas i s .  
Current vel oc i t i es a t  h i g h  and  l ow d i s charge recorded from a transect 
s t udy s pa nn i ng the gravel s hoa l  hab i tat at Coytee Spri ng are compa red 
i n  Tab l e 3 .  F l ow rates ranged from 0 . 38 m/sec a t  l ow d i s ch arge to 
0 . 98 m/ sec  a t  h i gh fl ow .  On the average , f l ow i n creased  by about 
Tabl e 3 .  Compa r i son  of Depths and Current Vel oc i t i es Recorded from 
Tra n s ects  at Coytee S pr i n g ,  L i tt l e Tennes see R i ver at H i gh 
( 540  ems ) and Low ( 1 35 ems ) F l ows ( Transformed from TVA Data ) 
De�th ( m )  Cu rrent Vel oc i t.l: (m/sec ) 
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S ta . No . H i gh Low D i ff .  Hi g h  Low D i ff .  
1 1 . 3 2  . 75 . 57 . 98 . 34 . 64 
2 1 . 3 2  . 8 1  . 5 1  . 48 . 38 . 1 0  
3 1 . 1 1  . 75 . 36 . 85 . 45 . 40 
4 1 . 1 1  . 69 . 42 . 93 . 45 . 48 
5 1 .  29  . 66 . 63 . 76 . 44 . 32 
6 1 . 20 . 66 . 53 . 80 . 54 . 26 
7 1 . 20  . 69 . 50 . 9 1  . 46 . 4 5  
Mean  D i f f .  . 50 Mean D i ff . . 37 
0 . 40 m/ sec  at  h i gh d i scharge except i n  a reas wh i ch h ad been phys i ca l l y  
more res tr i cted a t  l ow fl ow .  I n  deeper port i ons  o f  the r i ve r , cu rrent  
wa s extreme l y s l u gg i sh and  bac kwaters i n  the se a reas  had v i rtual l y  no  
fl ow . 
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Current ranged from a moderate 0 . 25 m/ s e c  to nea r l y  0 . 7  m/s ec a t  
l ow fl ow i n  t h e  part i cu l a r  a reas  mos t  frequented b y  s n a i l darters . 
However , fl ow over the s hoa l  a rea wa s s omewhat  turbu l en t  and current near 
the s ubs trate was extreme l y  errat i c  and d i ff i cu l t to mea s ure . I t  wa s 
e s t i mated that the average cu rrent  ve l oc i ty was 75  percent l es s  near the 
s ubs trate i nterface than i n  the water col umn above . Therefo re , s na i l 
darters  were actua l l y  conten d i ng  w i th  ve l oc i t i e s  of a few cent imeters per 
s econd mos t  o f  the t i me .  However ,  b l a s t s  o f  h i gh ve l o c i ty c urrent were 
observed to come i n  contact w i th  the s ub s trate qu i te often , and s na i l  
darters , though  endur i ng these  i n tru s i o n s  mos t  o f  the t i me ,  were 
occa s i ona l l y  swept downs tream after s udden d i s l odgement . 
I t  appears that curren t  vel oc i ty was on  the a verage l ower i n  pre ­
i mpoundmen t  days . Ki ngma n  ( 1900 ) reported current ve l oc i t i es  not ex­
ceed i ng 0 . 63 m/s e c  i n  the Coytee Spr i ng a rea . Th i s  c l o s e l y  a pprox i mates 
mea s urements  ta ken i n  th i s  s tudy a t  l ow d i s charge , b u t , i f  K i ngman was 
accurate , ve l oc i t i e s  at  h i gh d i s charge may now have  i nc reased the 
average fl ow rate by a pprox i matel y 30 pe rcent  as a resu l t  o f  the ta i l wa ter  
i nf l uenc e . 
Temperature Regi me 
Temperatures vari ed wi de l y  on  a da i l y  bas i s  i n  the l ower L i tt l e 
Tennessee R i ver but  were conf i ned to a narrow overa l l  range annua l l y .  
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Temperatures vari ed i nd i re ct l y  w i th  fl ow , dropp i ng  con s i dera b l y  when 
col d waters were d i s c ha rged from Ch i l howee Re servo i r  and o ther i mpound­
ments  above  and  warm i ng somewha t as  fl ow d im i n i s hed . F i gure 4 dramat­
i ca l l y  i l l u s trates the da i l y  rhythmi c cyc l i n g  of  temperature fl uctuati on s . 
Cyc l e s  a re mos t  pronounced i n  the s ummer wi th dai l y  f l uctuati ons  of  3°  C 
not uncommon . I n  w i n ter , fl uctuat i on s  are typ i ca l l y  l es s  than 1 °  C to 
2° C but  may occas i o na l l y  change dra st i cal l y  w i th fl ow condi t i on s . 
Wi n ter  temperatures ranged from 5° to 1 2° C i n  1 97 6 , and up s tream 
reservo i rs probab l y  buffered temperatures aga i n s t  decrea s i ng be l ow these  
l evel s .  S ummer temperatures averaged near 1 8° C ,  and  h i ghest  recorded 
tempe ratures were i n  early fa l l  ( 20°  C ) . Month ly  average temperatures 
a re g raph i ca l l y  repre s ented i n  F i g ure 4 ,  part b .  
Therefore , wh i l e  temperature extremes have been curta i l ed ,  i m­
poundment of  the l ower L i ttl e Tennes see a l most  certa i n l y  has  l owered the 
average annua l  water tempe rature . Pfi tzer ( 1 954 ) documen ted the v i rtua l  
a bsence o f  trout at  a po i nt 1 2 . 8  km be l ow Ca l de rwood Dam now i nundated 
by C h i l howee Re servo i r .  Warmwater s pe c i es predomi nated  i nd i cati ng that  
temperature s  pr i or to  i mpoundment  of  Ch i l howee mu s t  h ave averaged con ­
s i dera b l y  h i gher  i n  the l ower r i ver at  that time . Popu l a t i o n s  of  wa rm­
water f i s h  s pec i e s  were observed to be s parse i n  the l ower r i ver i n  
th i s  s tudy . 
Compar i son  of Ch i l howee ta i l ra ce tempe ratures w i th thermograph i c  
data from the Coytee Spr i n g  area i nd i ca tes that there i s  mi n i ma l  warm i n g  
of  water at  h i gh f l ow between these  po i nts . Thu s , the u pper l i mi t of  
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F i gure 4 .  Temperature reg i me of l ower L i ttl e Tennes see R i ver 
s howi ng : ( a )  exampl e of dai l y  vac i l l at i ons , ( b )  month l y  average  




Water Qual i ty 
Water qual i ty i n  the l ower L i tt l e Tennes see R i ver cou l d genera l l y  
be  con s i dered exce l l ent . Heavy fore stati on i n  the mounta i nous  headwaters 
mu s t  reduce  s i l t - l aden runoff s ubstanti a l l y , and ups tream reservo i rs  
serve as  s ettl i ng ba s i ns for s u s pended so l i d s . The  system is vi rtual l y  
free of i ndu stri a l  pol l u t i on . 
Turb i d i ty was v i rtual l y  nonex i s tent as  measured  a t  the  Ch i l howee 
ta i l race , for i ns tance never exceed i ng 1 0  JTU i n  1 974 ( TVA data ) . 
However , l oc a l  i nput  from Te l l i co R i ver and l es ser  tri butar i es added 
con s i dera b l y  to turbi d i ty i n  the l ower r i ver , and i t  occas i ona l l y  became 
qu i te tu rb i d  for s hort peri ods fol l owi ng heavy ra i n fa l l .  
The L i tt l e Ten ne s see may present l y be an  overal l l es s  turb i d  
s t ream than i n  pre impoundmen t  days . Ki ngman ( 1 900 ) descri bed the tre ­
mendous t i mber remova l  operat i on s  i n  effect i n  the l ate 1 800s , a nd  these , 
coupl ed  wi th pr imi t i ve farmi ng  pra cti ces , probab l y  i n crea sed  s i l ta t i o n  
a n d  turbi d i ty con s i derab l y . I n  recent mon th s , however ,  turb i d i ty and 
s i l ta t i o n  have i ncreased not i cea b l y  i n  the l ower r i ver probab ly  as a 
res u l t o f  bank  c l ear i ng  pr i or to i mpoundment .  
Other pa rameters further des cri be the water qua l i ty o f  the L i ttl e 
Tenne s see . The r i ve r  was wel l oxygenated ,  wi th D . O .  rang i ng from 5 . 5  to 
1 0 . 7  mg/ 1  i n  1 974  at the Ch i l howee ta i l race ( TVA data ) . Water i s  
genera l l y  soft ( tota l hardness  CAC03
, 7 -23 mg/ l ) a nd m i l d l y  ac i d i c 
( pH 6 . 0  to 6 . 7 ) . 
Subs trate 
The s u b s trate of  the L i tt l e  Tennes s ee R i ver i s  characteri zed by 
bedroc k-bo u l der , bou l der-cobb l e ,  sand-gravel , sand , and s i l ty s and . The 
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s hoa l hab i tat mos t u t i l i zed by the s n a i l darter i s  genera l l y  compos ed o f  
d a r k  mi caceo u s  sand , swept rea sonab l y  free of  s i l t ,  and  conta i ns s cattered 
gravel 3 to 1 0  em i n  d i ameter wh i c h covers 25 to 50 percent of  the a re a . 
S tones a re not often cont i guou s and  a re usua l l y  we l l i mpacted . The 
gravel i s  u s ua l l y  l i ght b rown i n  col or  contra sti n g  wi th  the dark sand . 
Another co n s p i cuous  subs trate component wh i ch has  become i ncreas i ng l y  
domi nant i n  recent years i s  the As i at i c c l am ,  Corbicula mannilensis , whi ch  
often occurs i n  dens i t i es exceed i ng 500/m2 . An expanse  o f  s uch s hoa l  i s  
i l l u strated i n  F i g ure 5 .  
Peri pheral  s hoa l  hab i tats ut i l i zed to a much  l es ser  degree by 
P. tanasi a re genera l l y  compos ed of e i ther gravel b l ac kened by manganese  
or  more coarse  cobbl e subs trates covered w i th Podostemum and  f i l amentous 
a l ga e . Both hab i tats apparent l y  a re l arge l y  avo i ded by s na i l  darters . 
The deepes t porti ons  of shoa l  areas often have bedro c k  s ub s trate s . 
Severa l aquat i c p l a nt  genera a re genera l l y  common a l ong the ma rg i n s of 
s hoa l areas i n  qu i et water , i nc l ud i ng CeratophyZ Zum , Potamogeton , a n d  
VaZZisneria , b u t  these a re n o t  c l ose l y a s soc i a ted  w i th s na i l  darter 
hab i tat . 
Deeper porti ons  of  the L i tt l e  Tennessee general l y  have sand or 
s i l ty sand  subs trates as  wel l as  con s i derabl e bedroc k expos u re . Loca l i zed  
detri tu s  depos i ts often accumu l a te to  co n s i derab l e depths  i n  these  s l a c k  
water area s . S u c h  s ub strates may c haracteri ze the hab i tat o f  l arval  a n d  
early j uven i l e  s tages of  P. tanasi . 
As s ta ted  earl i er ,  the pa rti c u l a r  grave l - sand  s hoa l  h ab i ta t pre­
ferred by the s na i l  darter extends on l y to about Ros e  I s l and at r i ve r  
k m  28 . Ki ngman ( 1 900 ) descri bed a l l s ubstrate upstream of  th i s po i nt a s  
F i gure 5 .  Expanse  of  g ravel  s hoa l  hab i ta t  at  Coyte e  Spri ng , 
L i tt l e Tennes see R i ve r  ( l ow fl ow ) . 
32 
1 1 ro c ky or rock l edge , 1 1 and  th i s  wa s qu i te evi dent i n  exam i nat ion  of  the 
present ta i l wa ter . The upstream curta i l ment o f  preferred s ubstra te may 
be the c h i ef  l i mi t i ng  factor i n  s na i l  da rter d i str i but i on .  
Assoc i ated F i s h  Spec i es 
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Cl osest  a s s oc i ates of  P. tanasi were tho s e  fi s h  spec i es wh i ch 
frequent the grave l  s hoal hab i tat . Two addi t i ona l  s pec i e s  of  Percina 
frequent the shoa l s ,  P. caprodes and  P. evides and  were perhaps tanasi ' s  
c l osest  a s soc i ate s , a l though  P. shumardi a l s o  occurred occas i ona l l y .  
Two s cu l p i n s , Cottus bairdi and  c. caro linae i nhab i ted the s hoal s ,  b ut  
c.  bairdi occu rred mostl y ups tream of  the  sna i l darte r ' s  hab i ta t .  
Hybopsis aestivalis , Nocomis micropogon , a nd Phenacobius uranops were 
cypri n i d  spec i es someti mes  encoun tered as  wa s the c atos tomi d Hypentelium 
nigricans . I n  peri phera l hab i tats , E'theostoma blenniodes 
a n d  E'. rufilineatum occu rred i n  rocky area s , and E'. simotenum i n hab i ted 
the qu i eter marg i ns  of the r i ver a l ong wi th a few cypr i n i d  s pec i e s . 
Potent i a l  predatory s pec i es  were Salmo trutta , Morone chrysops , 
Stizostedion canadense ,  S. vitreum , a nd pos s i b l y  spec i es of  Micropterus. 
A comp l ete l i s t  of fi s h  s pec i es known to occur  i n  the L i ttl e 
Tennessee sys tem , some of wh i ch may occa s i ona l l y  a s soc i ate w i th P. tanasi ,  
has  recen t l y  been comp i l ed by W i nf i e l d ( 1 976 ) .  Vari ou s  re l at i on s h i ps 
or  poten t i a l  re l at i on sh i ps between the sna i l  darter and  a s soc i ated speci e s  
wi l l  b e  d i s c u s sed l ater u nder  appro pri a te head i ngs . 
D i s tr i but i on 
CHAPTER I V  
POPULAT I ON CHARACTERI STI CS 
As d i s c u s s ed previ ous l y ,  the present  overa l l h ab i tat of  the s na i l 
darter extends rough l y  from the confl u ence of the Tennes see and L i tt l e 
Tennessee r i vers ups tream i n  the L i ttl e Tennes s ee to the a rea of Da v i s 
I s l and 24 km a bove the mouth . Pos s i b l e  marg i na l  hab i tat exi s ts on the 
north s i de of  Ros e  I s l and 28 km a bove the mouth  and may represent the 
upstream extent of  the range , but  th i s wa s not demons trated by s e i n i ng 
o r  cyan i de app l i cati ons . Sna i l darters were found  to be d i s tri buted 
thro ughout th i s  hab i ta t from Dav i s I s l and down s tream i n  the L i ttl e 
Tennes s ee to the Tennessee , and a few s pec imens  were recorded from the 
Tennes s ee R i ver  (Watts Bar Reservoi r ) as far downs tream as  Loudon , 1 6  km 
bel ow the confl uence of the two r i vers . The down s tream dri ft phenomenon 
evi dent i n  you ng  s na i l  da rters wa s probab l y  respon s i b l e for the 
occurrence of  the Watts Bar s pec i mens , and popu l at i ons  there were  mos t  
l i ke l y  ma rg i na l  a n d  dependent o n  L i tt l e Tennes s ee popu l at i ons  for re­
c ru i tment . Abundance vari ed great ly  wi th i n the macrohab i tat j us t  
descr i bed , dependent upon mi crohabi tat a n d  season . 
Den s i ty-D i spers i on 
The dens i ty and d i s pers i on pa rameters were i ns eparab l e i n  an  
ana lys i s  of  s na i l darter po pu l a t i o n s , bei ng h i g h l y  i n terdependent . 
Den s i ty va ri ed great l y wi th res pec t to mi c rohabi tat and season . Max i mum 
dens i ty i s  a ppa rent l y  rea ched on the gravel  s hoal s i n  the Coytee S pr i ng-
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Tol l i ver I s l and a rea , and greates t  seasona l  dens i ty proba b l y  occurs  
dur i ng  the s pawn i ng s eason , February to  Apri l . Wa ter temperatures pre­
vented cyan i de s ampl i ng dur i ng the s pawn i ng season , but i n  exces s  of  400 
s na i l darters were s e i ned for tran sp l antat i on by TVA b i o l og i s ts w i th 
compa rat i ve ease  d u ri ng th i s  per i od i n  1 976 . P .  tanasi was observab l e 
more concen trated on the s ha l l ower s hoa l  a reas  at  t h i s t i me than i n  l a te 
s ummer , 1 97 5 , when they averaged 6 . 6  i nd/ 1 00 m2 i n  the a pprox i ma te s ame 
a reas  as determ i ned by cyan i de cens u s . Dens i ty may have approached an  
overa l l  1 0  i nd/ 1 00 m2 at th i s  t i me wi th l oca l i zed s pawn i ng a ggregat i o n s  
c reati ng patches of  much h i gher dens i ty .  TVA transect observat i ons  
(Ta b l e 2 ,  page 1 0 ) i nd i cated that  s na i l darters  were 1 . 68 t i mes more 
a bu ndant i n  the Coytee Spr i ng a rea d u r i n g  the w i n te r  s pawn i ng season  
than in  the fo l l owi ng  spr i ng . Th i s  may have been attr i butabl e i n  part  
to the remova l of  1 00 to  200 i nd i v i dua l s for tra n s p l anta t i on  i n  the  
i nterven i ng peri od , but the magn i tude of  the  decrease  s uggested natura l 
movements were respon s i b l e  for a s ubstan t i a l  por t i on . I t  i s  s pec u l a ted 
that dens i t i es at Coytee-To l l i ver returned to norma l l evel s ( 6 to 7 
i nd/ 1 00 m2 ) i n  s pr i ng  a s  many i nd i v i dua l s  l eft the s pawn i ng s hoa l s  to 
return to deeper s hoa l  areas . Den s i t i es i n  the s h a l l ow a reas  of Coytee­
To l l i ver were l owes t i n  s ummer but  nea r l y  approx i ma ted s pr i n g  l eve l s  
( Tab l e 2 ,  page  1 0 ) . 
Gravel  s hoa l  a reas  hav i ng po s s i b l y  overa l l l es s  dense  popu l a t i ons  
ex i st bel ow Dav i s  Ferry 7 km  to 8 km  a bove the mouth  of  the L i ttl e 
Tenness ee . However ,  TVA transect  data i nd i ca ted that  dens i ty wa� con-
s i dera b l y  h i g her i n  th i s  deeper s hoa l  area i n  s pr i ng than at  Coytee 
Spr i ngs . Th i s  s hoa l  area was too deep for observa t i ons  dur i ng  wi n ter . 
Dens i ty decreased dramat i ca l l y  i n  ups tream hab i tat a reas 
( Tab l e 2 ,  page 1 0 ) . S hoa l s at Morganton Ferry ( ri ver  km 2 2 )  and Dav i s  
I s l and  ( r i ver km 24 ) yi e l ded n o  s pec ime n s  to cyan i de app l i ca t i ons  i n  
September , 1 97 5 . However , TVA tra ns ect  o bserva t i o n s  i nd i cated that  l ow 
dens i ty popu l at i on ( poss i b l y  1 i nd/ 1 00 m2 or l es s ) ex i sted a t  Dav i s 
I s l and  the fo l l ow i n g  wi nter , wh i l e  deeper s hoa l s a t  Morganton averaged 
even l es s . However ,  i n  s pri ng  dens i ty i ncreased at  Morga nton , pos s i b l y  
i nd i cat i ng  s ome downstream m i g ra t i on from Dav i s I s l and . S ummer l eve l s  
a t  both s hoa l s were l ow pos s i b l y  a verag i ng l e s s  tha n 1 . 0 i nd/ 1 00 m2 . 
No data were avai l ab l e  fo r sna i l  darter popu l at i on dens i t i es i n  
deeper areas o f  the L i tt l e  Tennes see R i ver , a l though i t  wa s observab l y  
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much l ower than i n  s hoa l a rea s . At th i s  wri t i ng a tremendous concentra-
t i on of s na i l  darters ex i s ts i n  the deep water be l ow the Tel l i co Dam 
s i te at 9 m to 1 0 m depths . Th i s ,  however , i s  regarded a s  an art i fi c i a l  
a s sembl age o f  i nd i v i dua l s created by the o bs truct i o n  o f  ups tream 
mi grat i on . 
Wi th regard to d i s pers i on ,  the d i str i but i on or rel at i ve dens i t i es 
of  P. tanasi wi th i n  the g rave l  s hoa l  areas was c l umped , be i ng h i g h l y  
corre l ated to t h e  d i stri b ut i on  of  t h e  preferred s u bs trate type . I n  
a reas  o f  sand-gravel  s ubstrate , dens i ty averaged 8 i nd/ 1 002 duri n g  
t h e  cyan i de cens u s . However , deeper a reas  hav i ng more coarse s ubs tra te 
averaged o n l y  a bout  4 i nd/ 1 00 m2 , wh i l e  cobb l e  or bedrock port i ons  
y i e l ded a l mo s t  no  s na i l  darters i n  s ampl i ng .  Wi th i n  the preferred 
habi tat a reas , s na i l darters a ppeared to be rather randoml y d i spersed 
throughout mos t  o f  the yea r .  I n  w i nter , however , s pawn i ng act i v i t i e s  
p l ayed an  i mportan t  rol e i n  d i s pers i on wi th mal es  f i r s t  aggregati ng a t  
re l at i ve l y  h i gh dens i t i es i n  the s hal l ower , swifter a reas . Based on  
s e i n i ng o bs ervat i ons , density may approach 40 i nd/ 1 00 m2 i n  these 
h i gh l y  l oca l i zed s pawn i ng aggrega ti ons , a s  occasiona l l y  up  to three 
i nd i v i dua l s were taken in a s i ng l e  4-m s e i ne hau l . S pawn i ng fema l es 
a pparen t l y  d i s tri buted in somewhat s l ower and s l ig h t l y  deeper port i on s  
of  t he  s hoa l s a s  d i scus sed under s pawning behavior . 
3 7  
Des p i te t h e  apparent l ow dens i ty of  fi s hes  i n  t h e  Littl e Tennessee 
R i ver , fi gures  reported for P. tanas i compa red favora b l y  w i th those  i n  
the l i terature for other Percina 1 n  l es s  a l tered ha bitats . Page and  
Sm i t h  ( 1 970 , 1 97 1 ) reported extrapo l ated popu l a t i on den s i ties of a bout  
4 i nd/ 1 00 m2 and  2 . 5  ind/ 1 00 m2 for P. sciera and P.  phoxocephala , 
respect i vel y .  Regard i ng Imostoma , however , popul at i on  densities o f  
P.  ouachitae have been obs erved t o  be exceed ing l y  high on numerous  
occa s i on s  i n  u na l tered hab i tat situat i ons , and the same was true of  
P.  shumardi . I t  i s  fel t that the innate tendencies  o f  Imostoma 
popu l at i on s  mi ght  be towards hig h  dens i t i e s where hab i ta t permi ts , and 
i t  s �ems equa l l y probabl e that the expans i ve habi ta t i n  the L i ttl e 
Tennes s ee , and probab l y  the u pper Tennes s ee R i ve r , once s upported much  
h i gher popu l at i on den s i t i e s  o f  P.  tanasi than i n  the i r present  a l tered 
s tate . 
Mi grat ion  
Movements  o f  ind i vidua l s n a i l darters have been previo us l y  dis -
c u s s ed under genera l behavi or .  On a col l ective bas i s ,  there were s trong 
i nd i cati ons  o f  mi g ra tory trends  in snail darter po pu l a tions , e s pecia l l y  
in young-of-the-yea r .  There is ev i dence that l a rva l drift may be a 
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h i g h l y  s i gn i f i cant  event i n  the l i fe h i s tory of  the s na i l darter . Th i s 
theory was s u b s tant i ated by the apparent a bs ence of l arval  or  very young  
s na i l  darters i n  the gravel  s hoa l  s pawn i ng a reas i n  the mon ths  fo l l ow­
i ng reproduct i on . I t  appears tha t P.  tanasi l a rvae may dr i ft for con­
s i derab l e d i s tances . After c l os ure of the channel  on  the east s i de of  
B u s se l l I s l and near the mouth of the L i tt l e  Tennes s ee by the Tel l i co 
Proj ect i n  1976 , l arge concentrat i ons o f  young-of-the-year s na i l darters 
occurred i n  the  deep , current- swept channel  bel ow the dam . Further , 
f i r s t  year darters were e s s ent i a l l y  absen t  from the  s hoal  a reas ups tream 
of  the dam after i ts c l os u re .  Apparen t l y ,  l a rvae were dr i ft i ng down ­
s tream i n to the deeper , c a l mer  waters of  the l ower L i tt l e Tennes s ee 
and , to some extent , the Tennes s ee R i ver for ea r l y  deve l opmen t .  The i r  
s ubsequent ups tream mi gra t i on was be i ng obstructed by the dam . I n  
prev i ous  years , when natu ral  mi grati on cou l d  occur , young  s n a i l darters 
began appear i ng  i n  the s hoa l  areas i n  J une at the age of  3 to 4 months  
and , by Augus t ,  were rel at i ve l y  a bundant . Thus , ups tream mi grat i on of  
s evera l k i l ometers may occur  a s  a natural  event fol l owi ng ear ly  devel op­
ment  of  P.  tanasi .  
Wh i l e  Age Cl a s s  0 fi s hes  were ev i dent ly  mi gra t i ng , i t  appeared 
that Age Cl a s s  I s na i l darters rema i ned i n  res i dence at or near the 
pri nc i pa l  popu l at ion  centers on the gravel  shoa l s .  Several  second year 
P .  tanasi were s t i l l present  i n  TVA col l ect i on s  s ub s eq uent to c l o sure 
o f  the dam . 
La ke ( 1 936 ) , Wi nn ( 1 953 , 1958 ) , and Page and  Smi th ( 1 9 70 , 1971 ) 
d i s cu s sed  m i g ra tory movements  a s soc i ated wi th s pawn i n g i n  d arters . Of  
these , the  l ongest  noted wa s a bout  2 km  i n  P .  copelandi (W i nn , 1953 ) .  
Dens i ty c hanges  a s soc i ated w i th s pawn i ng sea son  i n  P.  tanasi have 
a l ready been d i s cu s sed  and were h i g h l y i nd i ca t i ve o f  s ome reprodu ct i ve 
m i g rat i on . Compa rat i ve dens i t i es between popu l a t i ons  on s ha l l ow and 
deep s hoa l s  on  a s ea sona l bas i s  may g i ve some i n s i ght  to mi grati on . 
Based on tra nsect  observa t i on s  ( Tab l e  2 ,  page 1 0 )  and s e i n i ng data , the 
deeper s hoa l a reas  bel ow Dav i s Ferry and at Morganton Ferry were con ­
s i de ra b l y  l es s  popu l ated i n  w i n ter than i n  s pr i n g  wh i l e  the reverse was 
true on s ha l l ower s hoa l s above these  s i tes  ( Coytee Spr i ng and  Dav i s  
I s l and ) , i nd i cat i ng that mi g ra t i o n  may have o cc urred i n  re s ponse  to re­
product i on . Mi g ra t i o n  to a l es ser  degree probab l y  occ urred in  s n a i l 
darters a l ready i n hab i t i ng the marg i na l  areas of  the s hoa l s a s  they 
moved to the  swi ft , s ha l l ow port i on s  to j o i n  s pawn i ng aggrega t i on s . 
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Wi nn  ( 1 958 )  i n  a s tudy of  1 4  s pec i es of  darters noted  some 
ev i dence that ma l es m i gra ted s hort l y  before fema l e s . There wa s s trong 
ev i dence that t h i s  was a l s o true of s na i l darters a s  s u b s tant i ated by 
exam i nat i on of sex  compos i t i on i n  sampl es tota l i ng 273  i nd i v i dual s 
co l l ected d ur i ng the s pawn i ng season for transpo rtat i o n  ( F i gure 6 ,  part 
a ) . Though  fema l es  compr i sed on l y  3 percent of s n a i l darters s e i ned 
from s ha l l ow s hoa l s earl y i n  the s pawn i ng season , they q u i c k l y  i ncrea sed 
i n  numbers a s  the season progres sed compr i s i ng 43 percent on  February 1 0  
and 62  percent o n  February 1 7 .  There wa s a l s o  s ome i nd i cat i o n  that 
l a rger i nd i v i dua l s  ( Age Cl a s s  I I ) may have moved to the  s pawn i ng s hoa l s 
re l at i ve l y  ear l y  a s  they atta i ned h i ghest  percentages of  catch ear l y  i n  
the  s ampl i ng peri od ( F i gu re 6 ,  pa rt b ) . T h i s may have been because  
they were a l ready i n  re s i dence on  or near the  Coytee Spr i n g  s hoa l  a nd 
d i d  not have to m i grate a s  far a s  younger i nd i v i dua l s .  
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Capt u r e  D a t e  
Fi g ure 6 .  Catch  compos i t i on of 273  Pcrcina tanasi on 
succe s s i ve ca pture dates w i th  res pect to ( a )  sex  and  ( b ) s i ze ( ag e ) . 
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The reci proca l  seasona l movemen t  patterns between s ha l l ow and 
deeper water exh i b i ted by P. tanasi were noted i n  the s tu d i es  of  Page 
and Smi th ( 1 970 , 1 97 1 ) on P. sc&era and P .  phoxocephala , res pecti ve l y ,  
and Howe l l ( 1 97 1 ) fou nd s i mi l ar movements i n  P. aurantiaca . 
Sex Compos i t i on 
4 1  
Page  a nd Smi th ( 1 97 0 )  a s s umed a sex rat i o of  l : 1  for  P. sciera 
ba sed on co l l ect i ons of 29 1  spec i mens  from a 2-yea r per i od . Lake ( 1 936 ) 
conc l uded w i thout a doubt that fema l e  Etheostoma flabel lare outn umbered 
ma l es 2 to 1 ba sed on  three l a rge co l l ecti ons from a s i ng l e  l oca l i ty .  
However , Page and Smi th ( 1 97 1 ) stated that 1 . 5 : 1  was proba b l y  not the 
true sex rat i o  for P. phoxocepha la , thou gh  th i s  rati o  was i nd i cated by 
a samp l e of 238 co l l ected over a 3 -year per i od ; he fel t the s amp l e 
i ns uffi c i en t and i nconcl u s i ve .  A knowl edge of  the b i o l ogy of  the 
s pe c i es i nvo l ved i s  essent i a l  to accura te i nterpre tat i on of  data . 
The s i ng l e  l arges t col l ec t i on of  sna i l  da rters ava i l a b l e  for 
anal ys i s , 273 co l l ected February , 1 976 , has a sex rat i o  of 1 . 8 1  mal es  
to 1 fema l e ( F i gure 7 ) . The sex rati o  o f  th i s  col l ect i on , conducted 
ma i n l y  by se i n i ng on s ha l l ow s hoa l s ear l y  i n  the s pawn i ng season , was 
probab l y  h i g h l y  i nfl uenced by the d 1 str i b u t i on  of s exes  a t  a t i me when 
fema l es c haracteri s t i ca l l y  l i e i n  s omewha t deeper port i ons  of  the 
s hoa l s and  pro ba b l y  was no  true i nd i ca t i on of the popu l a t i o n • s  sex 
compos i t i on . 
The s ex rat i o  of  s na i l darters captured throughout the 2 -year 







I I  
Age C lass 
F i g u re 7 .  Age compos i t i on ( ba s ed on tota l l ength ) and  s ex 
compos i t i on of 273  Per>cina tanasi co l l ected February , 1 976  ( fema l es 
i n  b l a ck ) . 
a nd proba b l y  better represents  the true sex ra t i o  than data i nfl u en ced 
by reproduct i ve acti v i t i e s . Page ( 1 97 4 )  conc l uded that the h i gh rat i o  
of fema l e  to ma l e  Etheostoma squam&ceps may have been the res u l t o f  
se l ect i on aga i ns t  h i gh n umbers of  mal es  s i nce  on l y  a few parti c i pa ted 
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i n  reproduct i on .  The same appears true i n  other members  of the s u bgenus  
Catonotus and may be  true  i n  other  advanced nest-bu i l d i ng darters of  the 
genus Etheostoma . There wou l d  be no s uc h  apparent advantage , however ,  
i n  hav i ng fewer mal es  i n  a popu l a t i o n  of rel at i ve ly  ra ndom s pawners , 
s uch  as P .  tanasi , a nd a near l : 1  sex  ra ti o s eems a mo s t  va l i d  a s s umpti on . 
Age Compo s i t i on 
Darter popu l at i ons  wh i ch have been d i s cu s s ed i n  other papers 
typi ca l l y  were s kewed towards younger i nd i v i dua l s .  Percina s tud i es 
i nd i cated that youn g-of-the-year darters compri s ed 49 percent to �·. 
percent of  po pu l at i on s  s amp l ed  ( Page and Smi th , 1 970 , 1 97 1 ; Thoma s , 
1 970 ) . Al l s tud i es were conducted i n  rel a t i ve l y  una l tered r i vers , and , 
i n  the  face o f  natural  morta l i ty ,  s u c h  d i s tr i but i on s  of  age c l a s se s  
i nd i cated hea l thy reproduc i ng popu l at i ons . Based on  l ength -frequency 
data ( F i gure  7 ) , Age C l a s s  I s na i l  darters compri sed  83 percent of  273  
i nd i v i dua l s co l l ected i n  February , 1 976  ( a l l  s na i l da rters l es s  than 
7 7  mm tota l l ength  were cons i dered a s  Age Cl a s s  I s i nce that l ength  
represented the trough  mi n i mum of the b i moda l d i s tr i b u t i o n , F i gure 8 ) . 
The rema i n i ng 1 9  percent compri sed Age C l a s s  I I .  There was , however , 
l i ke l i hood of  error i n  th i s e s t i mat i on a s  dou bt l e s s  ( based on s ca l e 
ana lys i s ) some Age C l a s s  I I  i nd i v i dua l s fa i l ed to exceed 76  mm to ta l 
l ength  and , thu s , were i nc l uded i n  Age Cl a s s  I .  Th i s may have been 
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To t a I L e n g t h  l m m l  
F i gure 8 .  Le n g t h - frequency d i s t r i b u t i o n  of 
ca ptu red Februa ry , 1 97 6  ( fema l es i n  b l a c k ) . 
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tanas i 
espec i a l l y  true of  fema l es con s i der i ng  the i r  s l ower growth rate 
( Chapter V ) . Ana l ys i s  of a ge compo s i t i on on vari ous  ca pture dates a s  
d i s cu ss ed u nder m i g rat ion  ( Fi g ure 6 ,  part b ,  page  40 ) i nd i cated that 
Age C l a s s  I I  i nd i v i dua l s were proba b l y  adequate l y  samp l ed w i th regard 
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to varyi ng  den s i t i es through  the s ampl e peri od . Therefore , w i th 
l ength-frequency i nterpretat i on  be i n g  the so l e  s ource of erro r , i t  
appears that Age Cl a s s  I I  may have compri sed a s l i gh t l y  h i gher percentage 
of  the popu l a t i o n  than i nd i cated by th i s  ana l ys i s  but  probab l y  l es s  
than 25 percen t .  
Morta l i ty 
Based on ana lys i s  of F i g ure 7 ,  i t  i s  c l ear that morta l i ty was 
qu i te h i gh  for s na i l darters dur i ng the second year of l i fe .  There was 
an  overa l l 80 percent decrea s e  i n  n umbers of i nd i v i dua l s  between yea r 
c l a s s es I a nd I I .  However , s i nce  Age C l a s s  I I  may have compri sed up  
to 25  percent of the popu l at i on as  j u st  d i s c u s s ed , i t  i s  pro bab l e that  
the actua l  s u rv i va l  rate wa s between 2 0  and 25  percent . T h i s compared 
c l os e l y  to that of  Percina stud i ed i n  l es s  a l tered hab i tats  ( 20 percent 
i n  P. sciera , Page and Smi th , 1 97 0 ) . 
The morta l i ty rate of P .  tanasi l es s  than l year of a ge co u l d 
not be e s t i mated d ue to the l ac k  of quan i tati ve data for j uven i l es or 
overa l l popu l a t i o n  ferti l i ty .  Stud i es of  l arge s amp l e s  of  P.  sciera 
( Page and Smi th , 1 970 ) revea l ed a probab l e  morta l i ty rate of 83 percent 
i n  young -of-the-year , and i t  i s  co nce i vab l e t ha t  the vaga r i e s  of ex­
tens i ve l arva l  dr i ft and pro l onged ea rl y deve l opment  m i g h t  have d i ctated 
an  even h i g he r  fi g ure for P. tanasi . 
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The  s ex compo s i t i on of  Age C l a s s  I and  I I  ( F i g ure 7 )  may i nd i cate 
rel a t i ve l y  h i g her morta l i ty i n  fema l e  s na i l  darters a s  they compr i s ed 
3 7  pe rcent and 26 percent of these c l a s ses , res pecti ve l y .  However , i t  
i s  aga i n  s tres s ed that these l ow percentages may be  an  arti fact of  
col l ect i o n  techn i que  and t i me .  As s hown i n  F i gure 6 ,  part  a ,  page 40 , 
fema l es were i ncreas i ng l y  abu ndant i n  s ampl es  a s  the col l ec t i ng pro­
gre s s ed i nto the s pawn i ng season , and a more ba l anced sex  rat i o  may have 
been atta i ned i f  sampl i ng data were ava i l a b l e for s u b s eq uent col l ec t i ons . 
I t  i s  conce i vab l e ,  however , that grav i d , l es s  mob i l e  fema l es may be more 
vu l nerab l e to whatever predat i on pre s s u re i s  present , though the pro ­
tecti ve col orati o n  and s ecreti ve ha b i ts o f  s na i l da rters probab ly  
near ly  offset th i s  threat . As i de from th i s ,  compl i ca t i on s  a s soc i ated 
w i th reproduct i o n , s uc h  as be i ng 1 1eggbound , 1 1 may have caused some 
h i gher morta l i ty i n  fema l es .  
Agi ng 
CHAPTER  V 
AGE AN D GROWTH 
D i ffi cu l t i e s  i n  s ca l e  ana l ys i s  of P. tanasi were a l l u ded to i n  
Chapter I ,  page 5 .  Carl ander ( 1 974 ) d i s c u s sed  prob l ems whi ch aro s e  
i n  i nterpret i ng  s ca l es  wh i ch h a d  nebu l o u s , nonex i s ten t , or  fa l se 
annu l i ,  Fa i l u re to form annu l i general l y  res u l ted from a tota l l ac k  
o f  g rowth due to crowd i ng ( Buchol z and Carl ander , 1 963 ) o r  o ther 
c i rcums tances wh i ch brought  about s tarvat i on . Temperature un i form i ty 
had s imi l ar effects i n  the tropi cs ( Fagade , 1 97 4 ) , ma k i ng age determ i na­
t i on d i ffi cu l t  or  i mpos s i b l e  i n  these c l i mates . A s u b s tanti a l  n umber 
of  s na i l darter s ca l es  had l i tt l e i nd i ca t i o n  of  ann u l u s  format i o n  e i ther 
be i ng i nd i s creet , nebu l ou s , or  nonex i s tent  ( F i g ure 9 ) . Overcrowd i ng 
o r  s tarva t i o n  certa i n l y  d i d  not appear to be the case  i n  the L i tt l e  
Tennes see , but  temperature u n i form i ty o n  a n  annua l  bas i s  may we l l  have 
been appl i cab l e .  Though f l uctuat i ng  wi de ly  on  a da i ly ba s i s , temper­
a tures ranged over but abou t 1 5  degrees  annua l l y  ( 5° C to 20° C ) con­
s t i tuti ng perhaps  an  ana l ogous  s i tuat i on  to the trop i cs  though at  the  
other extreme . Seasonal  d i et ana l ys i s  i nd i cated that food i n ta ke and  
perhaps growth were not c l ose l y l i n ked  to  wa ter tempe ratu res ,  further 
c l oud i ng the q ue st i o n . 
Apparen t fa l se annu l i were ev i dent i n  s ome s na i l darters , 
e s pec i a l l y  those  col l e cted i n  Augus t ,  1 97 3  ( F i gure 1 0 ) . L i nfi e l d ( 1 97 4 )  
a ttri bu ted fa l s e  annu l i  o r  c he c ks t o  per i od i c s udden i n creases i n  growth 
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F i gure  9 .  Sca l e removed from 64 mm SL femal e  Peraina tanasi 
captured February 6 ,  1 976 , s howi ng l i ttl e or no a nn u l us  fo rma t i o n  
( 50 x mag ) .  
48 
Fi gu re 1 0 . Sca l e  removed from 44 mm SL  j u ven i l e  Percina tanasi 
captured Augu s t  1 6 , 1 973 , s how i ng growth c heck  ( 62 . 5  x mag ) .  
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rate . Car l ander ( 1 974 )  sugge sted that changes i n  food hab i ts as we l l  
a s  s pawn i ng can cause  fa l se annu l u s  format ion . Pos s i b l e  reasons for 
such  c hecks i n  s na i l darters wi l l  be d i s cu s s ed l a ter . 
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After much  s tu dy of  s ca l e  format i ons , co l l ec t i ons  from d i fferen t  
s easons , and l ength-frequency re l at i on s h i ps , i t  was pos s i bl e  to f i n a l l y  
d i scern the  proba b l e ann u l u s  pattern and l i fe cyc l e o f  P. tanasi . After 
i n i t i a l l y  bei ng  m i s l ed by probab l e  fa l se annu l i ,  i t  became apparent  
after s uffi c i ent  ma teri a l  was procured that t he  maj or i ty of  s na i l  darter 
sca l es  exami ned ( Append i x  A ,  Tab l e 7 )  had formed an  annu l us  at  an  
average of  3 7 . 4  mm (at  80X mag n i f i cat i on ) from the foc u s  on  the anter i or  
f i e l d ,  a nd a s econd at  52 . 0  mm i n  s u ffi c i ent l y  l a rge  s pec i mens  ( F i g ure 1 1 ) .  
Th i s  s i tua t i o n  wa s c l ear ly  ev i dent  i n  a t  l eas t one  and occas i ona l l y  a l l 
s ca l es removed from each o f  the 53 l arges t  s pec i mens . The rema i n i ng 1 9  
s pec i mens  were s u badu l ts ,  hav i ng no  a n n u l u s , or  a fa l s e  annu l u s  ( 1 973 ) a t  
29-33  mm from the  focus .  I n s pect i o n  o f  s ca l e s  from s pe c i me n s  
co l l ected i n  var i ou s  months  o f  t h e  year correl ated wi th annu l u s depo s i ­
t i on i nd i cated that depos i t i on  probab l y  occurred i n  the  l ate s ummer o r  
ea r l y  fa l l .  Several s peci mens  i nd i cated an  Augu s t  annu l u s depos i ti on .  
Th i s  i s  u n u s ua l a nd perhaps u nprecedented i n  f i s h  age and growth s tud i es . 
The c l a s s i ca l  concept of annu l us depo s i t i on  has  been one  corres pond i ng 
wi th i ncreas ed growth i n  spr i ng fo l l owi ng wa ter temperature i ncreases  or  
s pawn i ng act i v i t i es .  However ,  Karpi ns ka-Wal u s  ( 1 96 1 ) found  s ub sta nt i al 
checks  i n  fa l l due to s udden growth s u rges i n  Rutilus rutilus , though 
a typ i ca l  annu l u s  had  a l so  been depo s i ted i n  s pr i ng . An a na l o gous  
s i tuat i on may have ex i sted i n  the  s na i l darter w i th the  s pr i ng depos i t i on 
l ac k i n g .  I t  i s  probab l e that f i rst  annu l u s  depos i ti on occurs i n  the 
F i gure l l . Scal e removed from 61 mm SL ma l e  Percina tanasi 
captured November 6 ,  1 973 , showi ng good annu l u s  formul a t i on 
( 50 x mag ) . 
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f i rs t  fa l l  of  l i fe at  the age of 5 to 7 months , and i t  fo l l ows that 
depo s i t i on of  the s econd annu l us wou l d occur at the age of  1 7  to 1 9  
months the next fa l l . Sna i l da rters apparen t l y  s uccumb fo l l ow i ng  the i r  
s econd s pawn i ng s eason  a t  the age  o f  24-p l us  mon ths . No s na i l darters 
cou l d be s ub s tant i a ted wi th  certa i nty to be over 2 yea rs o l d based on 
s ca l e ana l ys i s ;  l ength -frequency data fu l ly  corrobora ted th i s fi nd i ng , 
hav i ng on l y  a b i moda l d i str i but i on ( F i gure 8 ,  page 44 ) . A s hort l i fe 
s pan may character i ze the s ubgen us , Imostoma , a s  Thomas ( 1 97 0 )  reported 
on l y  a 2-year l i fe s pan for P.  shumardi compared to 4 years i n  other 
Percina s pec i es s tud i ed .  
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Wi th the pattern of ann u l us  depos i t i on apparent ,  i t  wa s then 
pos s i b l e  to ana l yze reasons for g�owth c hecks or  fa l se annu l i .  The mos t  
cons p i c uous  checks  were those found  i n  t h e  Augus t , 1 973 , s pec imens  
ment i oned earl i er .  A l og i ca l  expl a na t i on for the i r occurrence mi ght  
have  been temporary growth reduct i on  due to  s ome env i ronmental  pertur-
ba t i on . Exam i nat i on of 1 973 prec i p i tat i on  records ( TVA , 1 973a ) revea l ed 
that abnorma l l y  h i gh ra i nfa l l occurred i n  the L i ttl e Tennes s ee watershed 
i n  l a te May to ear l y  June ( 1 1  .4  em ) . For th i s  or other reasons , a l l dams 
on the L i ttl e Tennessee system were gated , res u l t i ng i n  record h i gh 
d i sc harges ( TVA , 1 973b ) . C h i l howee Dam had a record h i gh d i scharge over 
a 5-day per i o d  averag i ng over 2 , 1 00 m3;sec  and unusua l l y  h i g h  fl ows 
occurred throughout  mos t of June . Th i s  corresponded a l mo s t  d i rect ly  
wi th the check  found  on s ca l e s  from t he  Augu s t  s pec i mens  a nd c hecks found  
on o l der s pec i mens  col l ected i n  1 974 . I t  seems p l aus i b l e  that cessat i on 
or reduc t i o n  o f  feed i ng  may occur dur i ng  t i mes  o f  extreme f l ood i n g  due  
poss i b l y  to d i s p l acement , h i gh turb i d i ty ,  or unusua l  tempera tu re c hanges . 
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A second reason for the occurrence of the fa l s e ann u l i mi ght  have 
been the change i n  d i et from i ns ects to one predomi nate l y  of  sna i l s ,  
caus i ng e i ther a growth c heck or  s purt , but  th i s wou l d  seem i n g l y  have 
been present i n  every year c l a s s . The h i gh l y  co i nc i denta l  occ urrence of  
the  1 973 growth check  and per i od o f  f l ood i ng ma kes i t  the mos t pl aus i bl e  
expl a nat i on . 
Growth  
Regre s s i on ana l ys i s  of  the s ta ndard l ength- s ca l e rad i us  re l at i on­
s h i p  for adu l t and  s u badu l t s na i l da rters comb i ned y i e l ded a regress i on 
l i ne descri bed by L = . 91 R  + 1 0 . 1  ( L  = standard l ength ; R = anter i or  
s ca l e rad i us i n  mm a t  SOX ) ( F i gure 1 2 ) . Based  on th i s  re l at i ons h i p ,  
bac k  ca l c u l at i on  of  s tandard l engths  at  annu l us  depos i t i on res u l ted i n  
an  average S L  of  45 . 6  mm ( SO = 2 . 45 ) a t  annu l u s  I and 57 . 3  mm ( SO = 
2 . 64 )  at  annu l us I I  ( Append i x  A ,  Tab l e  7 ) . However ,  exam i nat i on o f  
empi r i ca l  data revea l ed that observed s tandard l engths  exceeded back  
ca l cu l ated l engths  throughout the s i ze range ( F i gure 1 3 ) .  Further , no 
annu l i appeared on s na i l  darters l es s  than 48 mm S L . 
Thi s d i s crepancy i n  bac k  ca l cu l at i on  has  been a common occurrence 
i n  age and growth s tud i es and i s  termed " Rosa  Lee ' s  phenomeno n "  ( Royce , 
1 972 ) . I t  has  u s ua l l y  been exp l a i ned by a l l ometr i c  growth o f  hard parts , 
i n  deference to the  bas i c  a s s umpt i o n  of  the regres s i on ana l ys i s ,  wh i c h  
a s s umes i sometri c  growth o f  s ca l es  wi th body l ength . Accord i ng l y , the  
s tandard l ength-sca l e  rad i u s  rel a t i onsh i p  for  ad u l t sna i l darters con­
s i dered a l one yi e l ded a qu i te d i fferent regres s i on l i ne (L  = . 7 2 R + 20 . 1 )  








2 0 4 0  
O verall - L = .91 R  + 1 0 .1 
Adult -- L = .72 R + 20.1 
60 8 0  
Scale Radius (mm at  GOX I 
54 
F i gure 1 2 .  L i near regre s s i on l i nes for standard l ength-sca l e  
rad i us rel a t i ons h i p fo r adu l ts ( > 48 mm SL ) and overa l l s u badu l ts 
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F i gure 1 3 .  Back-ca l c u l ated growth a n d  emp i r i ca l  growt h  
( ba sed on mean  standard l ength of month ly  a g e  c l as s  sampl es ) for 
Percina tanasi . 
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scal e growth i ncrea sed i n  o l der f i s hes  wi th  respect to body growth , 
thus , bei ng  a l l ometri c .  Back  ca l c u l at i ons  u s i n g the adul t regres s i on 
l i ne gave val ues  o f  47 . 0  mm and 57 . 5  mm , res pect i ve l y , for standard 
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l ength a t  annu l u s  I and  I I ,  and i t  was  c l ear from exam i nat ion  of  emp i r i ca l  
data that the adu l t l i ne more c l ose l y  approx i ma ted the true body l ength­
sca l e rad i u s  re l at i o ns h i p  for pu rposes  of bac k  ca l cu l at i o n  t han the  con­
vent i onal  overa l l regre s s i on  l i ne for both  s ubadu l t  and adu l t  sna i l 
darters emp l oyed i n  cons truct i ng Tab l e 7 i n  Appendi x A .  
Ba s ed o n  the ca l cu l ated s ta ndard l ength of sna i l  darters a t  fa l l  
annu l u s  depos i t i on , i t  was pos s i b l e  to construct a p i cture of g rowth 
and g rowth  rate throughout  the darter ' s  l i fe ( F i g ures  1 3  a nd 1 4 ) . 
P.  tanasi a pparent l y  grows rap i d l y  dur i ng the fi rs t  s pr i ng and s ummer of  
l i fe , atta i n i ng a s tandard l ength of 45  to 50 mm by ear l y  fa l l . Age 
C l ass  0 s pec i me n s  obta i ned duri ng s umme r months  typ i ca l l y  ranged from 38 
mm SL ( J une ) to 46 mm SL  (August ) .  Tho ugh i mpos s i b l e  to d i s cern from em­
p i r i ca l  data , a pos s i b l e  sudden i ncrea se  i n  growth may have occu rred i n  
ea rl y fa l l correspondi ng to the d i et i ncreases  to i ncrea s e  i n  growth 
caus i ng annu l u s  depo s i ti on may be noted i n  Cha pter V I I .  A more p l a u s i b l e 
expl a nat i on for depos i t i on , however ,  may be a sudden decrea se  i n  g rowth 
wi th the onset  of  gonada l devel opment i n  the l ate s ummer . Annu l i were 
genera l l y  more d i s creet on sca l es from fema l e s pec i mens , pos s i b l y  re ­
fl ect i ng a more dra s t i c reduct i on i n  growth re l ated to re l at i vel y g reater 
demands of ova r i a n  producti on . A re l at i ve l y  w i de d i s tance  between c i rcu l i 
j us t  precedi ng annu l u s  depos i t i on i n  many spec 1 mens  may have i nd i cated 
that the fa l l feedi ng l evel  i ncreases  preceded the reproducti ve metabo l i c  
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F i gure 1 4 .  Growth rate of Percina tanasi based on Log 1 0 of  back-ca l cu l ated standard l engths i n  growth curve ( F i gure 1 3 ) . 
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Length-frequency data i nd i cated  that s na i l  darters genera l l y  
atta i ned a s ta ndard l ength of  about 5 2  mm to 6 6  mm a t  Age I ( Februa ry to 
Apr i l ) ( ada pted from tota l l ength  data i n  F i g u re 8 ,  page 44 ) .  The growth 
rate wa s dec i de ly  l es s  the 2nd yea r of l i fe ( F i gures  1 3  a nd 1 4 )  w i th a 
s tandard l ength of  60 to 70 mm at  s econd annu l u s  depos i t i on i n  the fa l l 
and a max i mum 67  to 74  mm at  Age I I  the second w i n ter - s pr i ng .  W i de 
ranges i n  l engths  appea red to be due to sexua l d i fferences i n  growth 
rate as wel l as age d i f ferences as  wi l l  be d i s c u s s ed l ater . 
The s tanda rd l ength/total  l ength proport i o n  i n  the s na i l  darter 
i s  a bout 0 . 87 ;  therefore , the max i mum tota l  l ength  i s  probab ly  i n  excess  
of 85 mm . The  l a rgest  known s pe c i men i s  85  mm TL . 
The apparent d i fferences i n  growth rate of adu l t and s ubadu l t 
sna i l  darters have a l ready been d i s cu s sed . I t  1 s  a l s o  appa rent that 
there were s u bstant i a l  d i fferenc es i n  growth rates  between s exes . 
Separate bac k-ca l cu l ated g rowth cu rves ( F i gure  1 5 ) for each s ex i nd i cated 
that fema l e  g rowth wa s l es s  than that of ma l es dur i ng the f i r s t  yea r , 
averag i ng 2 mm s horter at  annu l u s  depos i t i on ,  and was equ a l  to o r  v e ry 
s l i ght ly  exceeded ma l e  g rowth the second yea r .  Lengt h - f requency da ta s u b ­
s tant i ated t h i s fi nd i n g w i th fema l es ha v i ng  a moda l  S L  o f  59  mm compa red 
to 61 mm fo r 1 -year -o l d  ma l es . Age Cl a s s  I I  i nd 1 v i dua l s  exh i b i ted a 
mode of 70  mm S L  for both s exes . Thoma s ( 1 97 0 )  graphed a very s i m i l a r 
re l a t i ons h i p  for P .  shumardi. 
As d i s c u s s ed wi th regard to ann u l u s  depo s i t i on , d i ffe rences i n  
g rowth rate may be due to the greater meta bol i c  demands  o f  ovar i a n  
devel opmen t  i n  fema l es , espec i a l l y  d u r i ng the f1 r s t  year when body g rowth 
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F i gure 1 5 . Bac k-ca l c u l ated growth for ma l e  and fema l e  Percina 
tanasi ba s ed on sca l e rad i u s - standard l ength rel at i ons h i p  ( L  = . 9 1 R  + 
1 0 .  1 ) . 
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be more ea s i l y  met over and above req u i rements for reproduct i ve deve l op­
ment . Th i s may account fo r the h i g her  g rowth ra te re l a t i v e to ma l es 
d ur i ng the s econd yea r . 
The l ength-we i ght re l a t i on s h i p  o f  P .  tanasi demons trated further 
the d i fferences i n  growt h rate between adu l t and s u bad u l t darters and 
between s exes . The regres s i on l i nes  for  the l ength -we 1 gh t  re l at i o n s h i p  
o f  each sex  are s hown i n  F i gu re 1 6 . We i ght  i ncrease  rates d i verged at  
approx i mate l y  50 mm S L  ( F i gure 1 7 ) , correspond i n g c l os e l y  to sexua l  
matur i ty and the  on set o f  gonada l p roduct 1 on . 
J u ven i l e  growth rate i n  terms o f  we 1 ght  ga i n  was neces sar i l y  
extrapol ated ( F i g ure 1 7 ) and a pparen t l y 1 s  comp l ementary to growth of 
body l ength . Thus , i ns tead o f  decreas i ng w i th age , the rate o f  growth 
w i th regard to we i ght i ncreas ed over  t i me unt i l  an average we i gh t  o f  
2 . 1 5  g was atta i ned a t  sexua l ma tu r i ty ( about 50 mm S L ) .  There , ma l e  
and fema l e g rowth rates d i verged , but  both cont i nued to ga i n  we i ght  a t  a 
h i gh and nea r l y  u n i form rate ( Ma l es , W = 1 . 90L -7 . 3 5 ; F ema l e s ,  W = l . 6 1 L -
5 . 8l ) over the rema i n i ng 1 7  to 20 months  o f  l i fe ,  w i th an  u l t i mate 
average d i fference i n  wei ght  of about 0 . 35 g a t Age 1 1 . 
Length and/o r wei ght  ranges and d i s crepanc i e s w 1 th 1 n  apparen t  
year c l as s es may have been d u e  i n  a l a rge  pa rt  t o  d i f ferences  i n  age 
caused by the  l ong s pawn i ng season o r  de l ays i n  s pawn i ng wh i ch gave 
some yea r c l a s ses  or  f ract i on s  o f  yea r c l a s se s  a l ater s tart i n  l i fe .  
Th i s  phenomenon wi l l  be d i s cu s sed under reproduct 1 on .  
Bas ed on  the a na l yses  herei n ,  i f  an i nves t 1 gator chose  to accept 
the  l ength -we i ght  re l ati onsh i p  a s  representat i ve of  growth , then the 
g rowth rate of s na i l  darters pers i s ted at a h i g h rate throughout i ts 
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F i gure 1 6 .  Length-we i ght  regre s s i on l i nes for 1 9  ma l e  and 1 2  
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F i gure 1 7 .  Extrapo l ated growth curves for ma l e  and fema l e  
Percina tanasi based on l ength-we i g ht  re l a t i o ns h i ps ( F i gu re 1 6 ) and 
empi r i ca l  s u badu l t  data . 
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rel a t i ve l y  s hort l i fe .  Regretta b l y , other s tud i es i nv o l v i ng Percina have 
not i nves t i gated l ength-we i ght  re l at i ons h i ps , so i t  wa s not known i f  a 
h i gh growth rate pers i s ted i n  darters hav i ng greater l onqev i ty .  I f ,  on  
the  other hand , one chose  s tandard  l ength as the i ndex of g rowth , then 
P. tanasi ex h i b i ted g rowt h cu rves s i m i l a r to other s pec i e s  of Percina , 
grow i ng much  s l ower i n  l ater months  of l i fe ( Page and  Smi th , 1 970 , 1 97 1 ; 
Thoma s , 1 970 ) . 
Spawn i ng Season 
CHAPTER V I  
REPRODUCT I ON 
Apparent s pawn i ng a ggrega t i ons  o f  sna i l darters appeared on the  
grave l  s hoa l s  o f  the l ower L i tt l e Ten nes see very ear l y  i n  the yea r 
( February )  and  cont i n ued through  m i d - s pr i ng . M i gratory act i v i ti es  
a pparent l y attri butab l e to  spawn i n g have been prev ious l y  d i scussed . 
Large numbers o f  n upt i a l  ma l es wi th  f ree l y  f l ow i ng m i l t  congregated on  
s ha l l owest  port i on s  of  the  s hoa l s by ea r l y  Februa ry and  were fo l l owed by 
ever i ncrea s i ng numbers of grav i d  fema l es as the month  progres sed 
( F i g ure 6 ,  part a ,  page  40 ) . By mi d - F ebruary mos t  fema l es were f l owi ng 
free l y  wi th  l i t t l e press u re app l i ed to the abdomen and there was s trong 
c i rcumstant i a l  ev i dence of  hea vy s pawn 1 n g act i v i ty .  Some fema l e  s pec i ­
mens appeared a l ready s pent a s  ea r l y  as  l a te Februa ry , and mos t  s pec imens  
captu red i n  Apr i l were we l l s pent . However ,  actua l s pawn i ng beha v i or wa s 
observed on Apr i l 1 7 ,  1 976 , and  spec i mens  s t i l l  f l owi ng  were col l ected 
Apri l 23 , 1 97 5 , documenti ng  the cont i nuat i on o f  s ome s pawn i ng act 1 v i ty .  
Based on these  obs ervat i ons , P. tanasi s pawn s f rom m i d-w i nter to m i d ­
spri ng  wi th  hea v i est  acti v i ty i n  February and pos s i b l y  i n to March , and  
i t  i s  doubtfu l that  s pawn i ng con t i n ue s  muc h beyon d  the end o f  Apr i l .  
The w i nter s pawn i ng season  of P. tanasi precedes that o f  any o ther  
s pec i e s of  Percina recorded i n  the l i terature or  those  per s ona l l y  
o bs erved . However , P .  shwnardi i n  s pawn i ng  cond i t i on were co l l ected 
concurren t l y  wi th s pawn i ng s na i l darters by TVA b i o l og i sts  i n  February . 
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P. (Imostoma J s p .  co l l ected i n  November f rom the Co nasauga R i ver ( u pper 
Coosa Ri ver  sys tem ) were  in  a s i mi l a r s tate o f  n u pt i a l  cond i t i on as  
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s na i l da rters co l l ected that  same month , the  ma l es a l ready f l ow i ng m i l t .  
Moreover , P. ouachitae co l l ected February 7 ,  1 969 , from Pear l  Ri ver , 
M i s s i s s i pp i , were i n  h i g h  nupt i a l  cond 1 t i on ,  a nd they were s pecu l a ted to 
s pawn i n  mi d -February by Co l l ette ( 1 965 ) .  Al 1 fou r  s pe c i es  a re members  
of  Imostoma , and  i t  appea r s  that  th i s  s ubgen us  may be  u n i que and  con­
s i stent i n  exh i b i t i ng wi nter  s pawn i ng behav i o r . P. nigr•ofasc ia ta 
( Mathur , 1 97 3 )  and  P. sc iera ( Page and Smi th , 1 97 0 ) , both member s  of  
Hadropterus , s pawned May to  J u l y .  F. macu lata ( Thomas , 1 970 ; Petrav i cz , 
1 938 ) and  F .  peZ tate ( New , 1 966 ) , s ubgenus  A Z Dor•dius , spawned Apr i l to 
J une , P. phoxocepha la ( Page and Smi th , 1 9 7 1 ; Thomas , 1 970 ) , s ubgenus  
Swainia , s pawned i n  J une ; and F .  (Per>cinaJ caprodes ( Re i ghard , 1 9 1 3 ;  
Thomas , 1 97 0 )  s pawned i n  ea r l y  s umme r . F .  (Ccttogas ter ! copelandi 
reproduced i n  ea r l y  to mi d - s ummer ( W i nn , 1 953 ) ; and  P. aurantiaca , sub­
genus  Hypohomus , s pawned i n  m i d - s ummer a l s o ( Howe l l ,  1 9 7 1 ) . Percina s p .  
and  P. cymatotaenia , s ubgenus  Odontophi Z us , wer e  exam i ned  and foun d  to 
have stron g l y  devel oped cauda l kee l s 1 n  l ate May . Co l l ette ( 1 965 ) 
desc r i bed tubercu l a t i on on ma l es of P .  r Erwosma ) evides captured i n  
Apri l , and they we re observed  to atta i n  nupt 1 a 1  cond i t i on i n  the L i tt l e  
Tennessee i n  l ate s pr i ng . Thus , a l l recog n i zed s ubgenera o f  Percina were 
covered i n  at  l east  some depth wi th one o r  two r epres entat 1 ve spec i es , 
a nd  i t  appears  that none approach  the ear l y  s pawn i ng dates of  Imostoma . 
The s t i mu l us ( or s t i mu l i )  wh 1 ch tr i ggers the onset  of the s pawn i ng 
season i n  P.  tanas i i s  d i ff i cu l t  to determi ne . \� i nn ( 1 958 ) d i scus sed the 
obv i ous  effects of temperatu re on s pawn i ng in  s evera l  s pec i e s of darters , 
i nd i cati ng the a ppa rent i mpor tance of  warm i ng  water temperatures i n  
tr i gger i n g  s pawn i ng behav i o r .  The L i tt l e Tennessee  R i ver , however , 
does not wa rm a pprec i a b l y  u n t i l Apri l ,  2 months  a fter  i n i t i a t i on of  the 
s pawn i ng s eason . Therefore , tempe ratures co u l d  hard l y  p l ay a rol e i n  
the t i m i ng  of  reproducti on . Th i s  l eads to the conc l us i on that other 
factors such as  photoper i od a re res pons i b l e .  However , Hubbs  and S trawn 
( 1 957 ) offered conv i nc i n g ev i dence that photope r i od  d i d not p l ay a part 
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i n  reproduct i on i n  another darter , Ethecs toma lepidum , and  th i s  further 
c l ouds  the q uest i on . W i th these fa ctors exc l uded , i t  s eems mos t  p l au s i b l e  
that reproduc t i ve per i ods  a re s i mp l y  determ i ned by an a nnua l  hormo n a l  
cyc l e  govern i ng s exua l ma turat 1 on ,  a n d  that , s i n ce f ema l es r i pen a fter 
the ma l es ,  s pawn i ng behav i o r  i s  t r i ggered by th resho l d  ho rmone  l eve l s 
a fter ova have matu red s u ffi c i en t l y  for depos i t i on .  I f  genera l  env i ron ­
menta l  cond i t i ons  are fa vorab l e ,  they j o i n the ma l es i n  the spawn i ng 
m i c rohab i tat a t  th i s  t i me .  
I t  s eems l i ke l y  that  sna i l  darte rs have the ca pac i ty to pos tpone 
s pawn i ng for cons i derab l e  l engths  of t i me J f  cond i t i ons  are not r i gh t  
fo r s pawn i ng .  T h e  capture of  u nu sua l l y  sma l l spec i mens  i n  December , 
1 974 ( 38 mm T L , TVA ) may i nd i cate that  spawn i ng wa s d e l ayed s evera l 
mont h s  by the a l mo s t  cont i nued f l ood i ng dur i ng the prev i o u s  wi nter and  
ear l y  spr i ng . Other l ength  d i s par 1 t 1 es i n  age c l a s ses  may a l so have been 
due  i n  a l a rge pa rt to va r i o u s  s pawn i ng de l ays , 
Spawn i ng Hab i tat 
As previ ou s l y  men t i oned under  popu l at i on cha racter i s t i c s , the 
apparent genera l s pawn i ng hab i tats of  P.  tanas i a re the  g ravel  s hoa l s of  
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the l ower L i tt l e T ennes see R i ver . The  g reate s t  expanse of th i s  hab i tat 
i s  l ocated a t  To l l i ve r  l s l and-Coytee S pr i ng abou t 1 1  km above the mouth . 
Add i t i ona l hab i tat 1 s  l oca ted 1 3  km ups t ream at  Da v i s  I s l and . Somewhat  
deeper  shoa l  a reas occu r a t  Morganton Ferry and b e l ow Da v i s  Ferry . 
W i th respect  to the spawn i ng m i crohab i ta t  of  P. tanas i , the 
l ocat i ons of s pawn i ng aggregat 1 on s  and  an observa t 1 on s t rong l y  s uggested 
that spawn i ng was nea r l y  l i m i ted to the sw 1 ftes t po r t i on o f  the s hoa l s ,  
wh i c h genera l l y  we re rel a t i ve l y  s h a l l ow and s 1 tuated  m i d - s tream o r  con­
s i derab ly  offs hore . C u r rent i n  s u c h  a rea s wa s mea s u red  a t  near . 66 m/ sec  
at  l ow fl ow ,  though  turbu l ent f l ow observa b l y  perm1 tted muc h s l ower 
v e l oc i t i es at  the s u bstra t e  i n terface . Substrate  at  an observed s pawn i ng 
s i te and i n  areas  of  mo st  dense s pawn i ng aggrega t i ons  was general l y  com­
po sed of l arge , smooth grave l , 4 em to 1 0  em i n  d i amete r , s ca ttered over  
a ba s a l  l ayer of s i l t- free sand . Stones  were u s ua l l y  somewhat  i mpacted 
i n  the sand , v e ry s tab l e ,  and ra re l y  con t 1 guous  to one another . I t  wa s 
poss i b l e  that  the s pawn i ng m 1 c rohab i t a t  of P .  to. nc. s i  wa s a l so ut 1 l 1 zed 
by assoc i ated s pec i es . However , t he re  was no compet i t i on fo r spawn i ng 
s i te s , a s  other s pec i es wou l d  have spawned mu ch l a ter . Howel l ( 1 97 1 ) 
d i s cu s sed t he grow i ng ev i dence that  a l l members  of  Pe r'c ina s pawn upon 
cl ean sand o r  s and -grav e l  s u b s t rate . Cer ta i n l y  P .  t o. naa i and proba b l y  
the ent i re s u bgenu s lmostoma as  wel l cou l d  b e  added t o  t h i s  l i st . 
Water  temperatures  dur i ng the s pawn 1 n g season ranged from l ows 
of so C i n  Februa ry to h i g h s  of 1 6 c C 1 n  Apr i l  ( F i g ure 5 ,  page 32 ) w i th 
da i l y fl uctua t i o n s  of  2 to 3 degrees . Average t emperature  o ver the 
s eason  wa s probab l y  near 1 1 '  C and ran ged from 9 C to 1 2 ° C du r i ng  the 
peri od of  heav i es t  s pawn i ng act 1 v i ty 1 n  l a te February . P hotoperi od 
ranged from 1 0  hou r s  45 m i n u te s  t o  1 1  hours 5 2  m1 n u tes  ( s u nr i se  to 
s unset ) c 
As obs erved i n  the d 1 s c us s i on on mi gra t i on ,  s e i n i ng res u l ts  
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seemed to  i nd i cate t ha t  ma l es a r r i v ed a t  the s pawn i ng mi cro hab i ta t  f i rs t , 
earl y i n  t he  season . Mo s t  fema l e s se i ned a t  th i s  t i me typ i ca l l y were 
l yi ng i n  somewha t deeper por t i o n s  of t he s hoa l s ,  a mete r or more i n  
depth , and pos s 1 b l y  many mor e  rema i ned i n  the  even deeper por t i on s  of  the 
r i ver . As the season prog r e s s ed , fema l e s a ppa re nt l y  m i g r ated i n  i n crea s ­
i ng n umbers t o  j o i n t he ma l es i n  t he s pawn i ng m i crohab i t at . 
I t  was not pos s i b l e  to conc l ude t ha t  s pawn i ng was res t r 1 c ted 
s o l e l y to the swi fter and mor e  s ha l l ow s hoal a reas  of t h e  L i tt l e  Tennes see , 
but  aggrega t i on s  and m i gra t 1 on pa t t e rn s  � t rong ly s uggest  tha t t he 
maj o r i ty o f  s uch  act i v i ty occur r ed i n  t hese  a rea s . T herefore , t he  deeper 
s hoa l s at Mo rgan ton Fe rry and be l ow Da v 1 s I s l and may serve  as  ma r g i na l  
s pawn i ng hab i ta t s , wh i l e  no re product 1 on a t  a l  1 probab ly  occurs  1 n  the 
deeper port i on s  of  the r 1 ve r .  Popu l a t 1 on dens 1 ty wa s qu i te l ow at  t h e  
ups tream s hoa l a rea near Da v 1 s  I s l a nd , and i nd i cat 1 on s  a r e  that the s hoa l  
comp l ex at  To l l i ver  l s l and -Coyt ee Spr i n g proba b l y  s e r ve s  a s  the  center 
o f  reproduct i on fo r the  ent i re s n a i l  darter popu l a t i on . 
Gonad a 1 Deve 1 opmen t  and Fecung_!!t::- F�I!'�l�� 
Growth ana l y s i s  and d i s s ec t i on d a ta i nd i ca t ed that s na 1 l darters 
became sexua l l y  ma ture i n  t he f i r st  yea r of 1 i fe .  Thos e  s u rv i v i ng the 
s econd year s pawned a second t i me .  
I n  prepa ra t i on for the ea r l y wi n ter  spawn i ng season , t he on set 
of  gonadal devel opmen t  was accord i ng ly  ear l y ,  becom i ng ev i de n t  i n  ear l y  
fa l l . I n  fema l es s ome degree of  matu r a t i o n  wa s ev i dent  a s  ear l y  a s  
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September ,  w i th some spe c i mens  s howi ng an  i n crea se  i n  gonad s i ze over the 
norma l 1 to 1 . 5 mm d i ameter of  f l ac i d  ova r 1 es .  By l ate October , gonad 
d i ameter averaged 3 . 2  mm , J nc rea sed to 5 mm 1 n  Decembe r , and atta i ned as 
much as  7 mm d i ameter i n  February . T he  numbe r of matu re  o va ( F i g u re 1 8 ) 
i nc reased grea t l y  as  the spawn i ng season  approa ched and offered a good 
t i metab l e of ovar i an act i v i ty .  At the onset o f  dev e l o pment , perhaps 
1 , 000 ova became d i screet , t hough  a l  1 rema i ned i mmature through l ate 
Octobe r .  However , r ap i d  matu r a t i on of ova ens ued , and s pec i mens  exam i ned 
i n  m i d -December conta i ned an average of over 600 ma ture eggs . T h i s 
n umb e r  ma rked the max i mum of ma ture  ov a exc i s ed f rom any s pec i mens  
( though a January s amp l e  m i ght  have y i e l ded a f ew mor e  wer e  i t  ava i l a b l e ) , 
and t h i s f i g u re probab l y  approx 1 mates the average f ec und i ty of  the s n a i l 
da rter . By m i d - F ebruary , average ma ture ova had dropped to 427 , i nd i cat­
i ng s ome may have a l ready been expel  l ed 1 n  s pawn i ng endeavors . By l ate 
Apri l on l y  a bout 1 00 mature  eggs rema i ned i n  fema l es .  F ecund i ty e s ­
t i ma tes  of  a l l fema l es exam i ned f r om ea c h  samp l e  w e r e  compa rab l e  regard-
1 ess  of  body 1 ength ; therefor e ,  1 a r ge  d l f terences i n  fecundi ty between 
sampl e pe r i ods s hou l d  have been a t tr i bu t ab l e  t o  reasons  othe r than body 
s i ze .  
Of the i n i t 1 a l  1 , 000 or so d i s c reet oocy t e s  ob se rved i n  fa l l , 
a pparent ly  400 to 500 d i d not ma tur e p r 1 o r  to the s pawn i n g season  
( F i g u re 1 8) . I t  appea red that some may have matured as  the s eason  pro ­
g ressed , but , at  the  end of the season ( Apr 1 l ) , 250 to 300 i mmature  ova 
rema i ned and a ppar en t l y  wou l d have undergone reab so r pt i on .  D i s creet 
ova were not d i scern i b l e  i n  J une s pec i men s . Speare ( 1 965 ) repo rted 
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F i gure 1 8 .  Average number o f  mature and i mma ture ova exc i sed 
from fema l e  Percina tanasi captured Fa l l , 1 97 5 , to Spr i ng , 1 976 . 
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that on l y  eggs conta i n 1 ng a yo l k and o i l drop l et were depos i ted i n  
s pawn i ng ,  wh i l e  some 64 per cent were  reabsorbed . B ut , he a l so con c l uded 
that no i mmatu re eggs wer e  depos i ted a l ong w 1 th r i pe ova dur i ng s pawn i ng 
based on the i r absence  f rom nes t s  and , i n  add 1 t i on , t he ma tura t i on 
process  too k  too  l ong  for eggs to r i pen afte r  1 n i t i a t 1 on o f  the s pawn i n g 
s eason . Perhaps l a rger  sampl es of F. t a na s t  fema l es wo� l d  have y 1 e l ded 
s i m i l a r resu l t s w i th average i n i t i a l i mmature  oocytes and res i du a l s  a t  
the e n d  o f  t he s eason be 1 ng mo r e  nea r l y equa l . 
The fecund 1 ty f i g u re of abo u t  600 mat u re ova 1 n  P .  ta nas i 
exceeded that o f  o ther  Per'e zr lu repor t ed w i th the except i on o f  P .  caprodes , 
P. maculata , and F .  ccpd andz. ( W 1 nn ,  1 958 ) - - F. caprc;dea was reported to 
depos i t  nea r l y  2 , 000 eggs . I t  grea t l y  ex c eeded t hat  r epor ted by Ma thur  
( 1 97 3 )  fo r P. nigrofasc ia ta ( 38-250 ) and by Page a nd Sm i t h ( 1 9 70 ) fo r 
P. sciera ( 200 ) . Page and  Sm 1 th ( 1 9 7 1 ) reported a verages  of 83- 220  for 
P. phoxocepha la , though  one s pec 1 men co n ta i ned 720 , and Howe l l ( 1 97 1 ) 
repor ted u p  t o  5 1 8 i n  P. a � ra n t iaca . Un fo r t u nate l y , T homas ( 1 97 0 )  d 1 d 
not  report  fecund i ty i n  h i s  s t u dy o f  .imu.s tcma member F .  shumar·dt. 
As s tated prev i ous l y , a l l f ema l e  sna 1 l  da r t ers  d i s sected dur i ng  
months  of  reproduct i ve dev e l opme n t  or  ac t 1 v i ty had  comparab l e comp l emen ts 
of mature ova regard l e s s  o f  body s i ze .  Bagen a l  ( 1 966 ) exami ned the body 
l ength -fecund i ty re l at i ons h i p  i n  deta 1 l for  f i shes  represen t i ng severa l  
fami l i es , and Ma thur  ( 1 97 3 )  e l uc i da ted t he rel a t 1 on s h i p  for  a member of 
the genus  Percina ,  P .  n igrofas c w ta , f 1 nd i ng a h 1 g h l y po s i t l Ve correl a ­
t i on . Unfo rtunate l y ,  the sma l l samp l es  of fema l e  P .  tanas i ava i l abl e 
for gonada l i n s pecti on wou l d  not perm i t an i n -dept h  exam i nat i on  of  th i s  
nature . U n i form fecundi ty w i t h i n  sma l l samp l e s  of  fema l es  of var i ou s  
s i zes  ( u p to  1 6  mm d i fference i n  S L )  may ha ve i nd i cated t ha t  a pos i t i ve 
body l en g t h -fecund i ty re l a t ; on s h i p  was n o t  so  pronounced i n  a s hor t -
l i ved spec i es s u c h  as  t he s na i l da r te r . 
�1 Deve l QB.me n t - -Ma L�� 
As wi t h  fema l es ,  ma l e  s na i l da r t ers  exh 1 b 1 ted not i ceab l e  s i gn s  
of  gonada l dev e l opment  by ea r l y  fa l l  of the l s t yea r  of l i fe . Tes t i s  
d i ameter  i nc rea sed from a f l ac c i d  mi n i mum o f  1 mm o r  s o  t o  3 mm i n  s ome 
Sept ember s pec i mens . By Decembe r ,  t es t i s  d i ame ter  had 1 n c reased t o  as 
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muc h as 5 mm . W i n n  ( 1 958 ) s t ated that  ma l es r i pened 1 o r  2 wee ks before 
fema l es i n  a l l 1 4  dar ter  spec i es s tud i ed by h i m .  Ma l e  s n a i l darters , 
however , were fl ow i ng  by m i d - Nov ember ,  a fu l l  2 - 1 / 2  mon t hs p r i o r to  
s pawn i ng ,  and t he  same phenomenon  wa s obser ved i n  a second  Imo 2 tJma , 
Percina s p . , f rom t he u pper Coosa sys tern . A 1 1  ma l e s exam 1  ned from 1 ate  
Apri l samp l es  a ppea red to  be a l mo s t  compl e t e l y  s pen t . Aga i n ,  t he  
reproduc t i ve cyc l e  of  t he s ubgenu s  lm0s t oma appea rs  to  be  tempora l l y 
q u i t e  u n i que  among Perc inc. . 
Tubercu l a t 1 on and Co l ora t i on 
E t n i er ( 1 97 5 )  des c r i bed the n u pt 1 a l  t u be rcu l a t i o n  of ma l e  s n a i l 
darters  i n  detai l .  Spec 1 me n s  he  exam 1 ned wh i c h we re co l l ected i n  Apr i l 
samp l es pos se s sed u n 1 ser i a l  t u ber c l e s  on t he ana l r ays , vent ra l  s u rfa ces 
of the med i a n  four  pe l v i c  f i n rays , l ower cauda l ray s , and  on  t he 
bran c h i os tega l s .  He ques t i o ned t he  pos s i b 1 l  1 ty of t ube r c l es on  the  
pe l v i c  and/or ana l s p i nes , b u t  exam i nat 1 on of h i gh l y n u p t i a l s pec i mens  
co l l ected i n  February ma t c hed h 1 s  desc r i pt i on  of Apr i l s pec i mens . I n  
add i t i o n to  f i n ray and  branc h 1 o s t ega l t uber c u l a t i on , tuberc l es were 
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present  on t h e  cheeks , breas t ,  and v enter . These  t u be r c l es were e v i dent  
on s pec i mens co l l ected as ea r l y  a s  Oc tober , and t hey had become h i gh l y  
promi nent  on  Februa ry s pec i men s . l n  add 1 t 1 on ,  the  mod 1 t i ed row o f  m i d ­
ventra l  sca l es became more  prom i ne n t  w 1 t h  modera te l y dev e l oped teeth  
ev i dent  by February . These  teet h  we r e  r e l at 1 ve l y  wea k compa red to  ma ny 
othe r  s pec i es of Perc inc_ , however  ( Co l l et te ,  1 96 5 ) . 
S i nce P .  tanasi does not pos s e s s  s t r 1 k i ng c h roma t 1 c  b r eed i ng 
co l orat i on , d 1 fferences 1 n  co l orat i on du r 1 ng the  s pawn i ng s eason  a re 
somewhat s u b t l e .  I t  was s ta ted 1 n  Chapter  I l l  t ha t  there  i s  no rea l 
s exu a l  d i morph i sm i n  the  co l o r pattern  of  F .  tanas i . However , there a re 
vary i ng degrees of  1 ntens i ty f rom t 1 me to t 1 me .  There was a genera l 
br i g h ten i ng of  co l ora t i on o f  ma l es encoun tered dur i ng the  s pawn i ng 
s eason , and co l o r  pa t te r n s  wer e  not 1 cea b l y  1 ntens i f i ed du r i ng cou r ts h i p 
on a momentary ba s i s  a s  w i l l  be d i s c u s s ed l ate r . Gene r a l l y the  s i des  a nd 
venter of the body became more i rr i descent  w 1 th  pa l e  b l ue-g reen than 
norma l , and the  dorsum , wh 1 c h v a r 1 ed from b rown to o l 1 ve ,  wa s br i gh t  
o l i vaceou s . Go l d  wa s br i ghter  than  u s ua l vent ro l atera l l y and con­
s p i cuous l y  f l ec ked the  c hee k s . ! rr 1 de s c e n t  t u rquo i se b l ue was ev i dent  
i n  t he  branch i o s tega l r eg 1 on and p r epectora l a rea . F 1 n  r ays were was hed 
i n  orange -ye l l ow w i t h  t h 1 s  p i gment  mos t  prom 1 nen t at the ba se s  o f  the 
pect o ra l , pel v i c , and cauda l f i n s .  Pe r ha ps mos t  s t r 1 k i ng wa s the eye 
wh i ch had a g l ar i ng effec t  produced by an i n tense  y e l l ow r i ng about the  
pu p i l and ye l l owi s h  1 r i s . Do r s a l  sadd l e pa t te r n s  wer e  of ten s t r i k i ng ly 
b l ackened on the  ma l e s .  
Fema l e s na i l darter s tended to s u bdue co l o r pa t terns  d u r 1 ng t h e  
breed i ng s eason . Dorsa l sadd l es were mos t  of ten b l anc hed o u t , ma k i ng 
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them most  d i ff i cu l t  to d i s c e rn aga 1 ns t  a sandy s u bs trate . I rr i descent 
b l ue- green or  go l d co l ors  a l ong  the s i des and vente r  were not i ceab l y 
s ubdued compared to those of the  ma l e s ;  however , ora nge-ye l l ow i n  the fi n 
rays wa s of  nea r l y  equa l 1 ntens 1 ty to tha t of  the ma l es .  
Spawn i ng Behav i or 
Al l Percina s pec i es thus  f a r  d i scussed i n  the l i teratu re a re 
mu l t i p l e  and proba b l y  promi scuous  spawners . No r ea l  terri tory i s  
estab l i shed w i th the pos s i b l e  excepti on of  F .  cope landi ( W i nn ,  1 958 )  a nd 
P. pel tata ( New , 1 966 ) , and pa ren ta l care 1 s  not exerc i sed . They pro bab l y  
s hou l d not b e  termed random s pawners , however , i n  the sense  that perc i d  
members Perea a nd Stizostedion a re s o  termed , s i nce s ome degree o f  s i te 
s e l ecti on i s  a pparent ly  exerc i sed . T he i r  behav i or 1 s  i nte rmed i a te 
between those random s pawn i ng  genera and tha t  of Etheostoma , wh i ch i s  
more compl i cated and r i tua l i zed . W i n n  further s tated the genera l l y  
accepted not i on that comp l ex i ty o f  behav i o r i s  d 1 rec t l y  correl ated wi th 
evol u t i onary advancement and , thus , Fer·c ina a re somewhat pr i m i t i v e 
perc i ds .  
New ( 1 966 ) and W i nn  ( 1 958 ) have po 1 nted o u t  the g rega r i ou s  
na ture o f  Percina when s pawn i ng .  W 1 nn  added that cont 1 nued contacts 
between members o f  the spawn i ng schoo l  m i g ht serve as s t i mu l i to ma l es 
to s u sta i n  s pawn i ng cond i t i on .  T he aggrega ti ons ot P. tar�si on 
s pawn i ng s hoa l s may i nd i cate a s i m i l ar behav i or pattern . Wi th i n  s uch  
aggregat i ons , a degree of  mov i ng terr i tory ma i n tenance wa s observed i n  
P. (Cottogaster) copelandi ( W i nn , 1 958 ) and P. (A lvord&us )  peltata 
( New , 1 966 ) , a nd domi nance patterns were o bserved among  ma l e  P. 
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(Hypohomus )  aurantiaca by Howe l l ( 1 9 7 1 ) .  On t h e  r a re occas i ons when two 
ma l es of P. tanasi  were observed s i mu l taneous l y ,  no such  aggres s i ve 
behav i o r  was observed . However , the genera l l y  l ow popu l a t i on dens i ty 
of  s na i l  darters  perm i tted o n l y  two s uch  obse rva t 1 o ns d u r i ng spawn i ng  
s eason , and  they are , t herefore , i n conc l u s i ve .  Sna i l darters  hel d to­
gether i n  aqua r i a  exh i b i ted no ter r i to r i a l  tendenc i es whatsoever and 
were , in  fact , qu i te g rega r i ou s  regard l e s s  of  s ex . 
Under natu ra l f i e l d cond i t i ons , however , the i n tens 1 f i ed c o l o r  
patterns o f  ma l es may i nd i ca t e  that some mov i ng ter r i tor i a l i ty and/or  
domi na nce pattern  was be i ng exerc i sed . Th i s  m 1 ght  have been espec i a l l y  
t r ue i n  pre i mpoundment  days when the L i tt l e Ten nessee  hab i t a t  may have 
permi tted h i gher  po pu l at i o n  dens i t i e s .  Observab l e tenden c 1 es  i nd i cate 
that P.  tanasi exh i b i ted very s i mi l a r co l l ecti ve reproduct i ve behav i o r  
to othe r  Percina thus  far d 1 s cus sed i n  the l 1 t e rature . 
On the i nd i v i dua l  l eve l , t he  l ong reproduct 1 ve per i od and g radu ­
a l l y  decreas i ng fecund i ty of  sna i l da rte rs  i nd i ca ted that they are 
mu l t i p l e  promi scuous  s pawners . Some e v i dent l y  entered i n to  spawn i ng 
encounters much more frequen t l y  than o t hers , a s  a cons 1 derab l e number 
were nea r l y  s pent  by mi d-season ( Ma rch ) .  Proba b l y  on l y  a sma l l n umber 
of eggs a re depo s i ted i n  each s pawn i ng endeavor .  As s tated i n  the d i s ­
cuss i on of  mi g ra t i on , ma l es m i g rate i n to  the s pawn i ng  s hoa l s  f i r s t  to 
be j o i ned l ater  by fema l es for occa s i ona l  spawn i ng encoun ters . Such  an  
encounter  wa s observed and  f i l med on Apr i l 1 6 ,  1 976 , on the shoa l  a rea 
at  Coytee S pr i ng ,  and the fo l l owi ng d i s cu s s i on re l a tes how i t  wa s 
conducted . 
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When  fi rst encountered , the sna i l darter pa i r  was s i tuated i n  a 
sandy area i nterl y i ng several  sma l l s tones s uc h  a s  tho s e  descr i bed i n  
the d i scu s s i on o f  s pawn i ng mi crohab i ta t .  Cu rrent  throughout  mos t  o f  the  
water col umn i n  th i s  same area was ear l 1 er measured at  0 . 66 m/sec  under 
s imi l ar fl ow cond i ti on s . The water wa s s l 1 gh t l y  d i ngy and reported ly  
had been a t  l ow fl ow for 2 days . Water tempera ture wa s 1 6° C ,  and t i me 
was 1 430 hours  on a c l ea r , hot day . 
Thro ug hout  the encounter , the co l o r patterns of  the ma l e  were 
s tr i k i ng ,  the sadd l es bei ng  very s a l i ent , the head mark i ngs  harl equ i n ­
l i ke ,  and the eyes wi th the  i r i s  i n ten se  yel l ow .  The fema l e ,  on the 
other  hand , was b l anched out  to the po i n t tha t s he was v i rtual l y  
i nv i s i b l e  aga i n s t  the sand and was , i n  fact , not not 1 ced for a fu l l  1 5  
to 20  seconds  though  s he was s i tuated r i g ht before the ma l e .  She  wa s 
v i s i bl y  qu i te grav i d .  
When fi r st  noti ced , the fema l e  was moti on l es s  i n  front of the 
ma l e ,  fac i ng d i rect l y ups tream .  The  ma l e ' s  head wa s to  her  r i ght , and  
he was ob l i q ue to  the current .  After pe rhaps 30  s econds , he  moved 
ups tream bes i de but s l i ghtl y downs tream of the fema l e  at  a d i s tance of 
about 5 em . At th i s  po i n t , the ma l e  ra i sed s l i gh t l y  off the s ub strate 
and v i gorou s  ta i l -waggi ng was observ ed . After 1 5  to 20  s econd s , he 
d ropped downs tream a coupl e cen t i me ters and nearer to her pedunc l e .  
He then nudged her pedunc l e four to f i v e  t i mes  i n  rap i d  s uc ces s i on w i th 
h i s  head . Th i s  s equence was repea ted twi ce w i th the ma l e  aga i n  mov i ng 
up s tream bes i de her between nudg i ng encounters . I t  was not c l ear 
whether the  ta i l -wagg i ng at  th i s  po i nt was an attent i on- gett i n g  mot i on  
or  j us t  for ma i ntenance aga i n s t  the cu rren t , but  i ts repet i t i on at  
prec i se poi nts  s eems to i nd i cate the forme r .  Fo l l ow i n g th i s  sequence , 
the ma l e  aga i n  dropped beh i nd the fema l e  and s i tuated h imse l f ob l i que  
to  the  current , th i s  t i me wi th the head  on  the l eft . F i fteen seconds 
l ater he q u i c k l y  returned to the fema l e ' s  r i ght s i de and  pl aced h i s 
l eft pecto ra l  f i n  over her pedunc l e .  Momentar i l y ,  he  began s tro k i ng 
her pedunc l e ,  do i ng so  fou r  or fi ve t i mes . He then p l a ced h i mse l f 
acro s s  her body i n  the pedunc l e  reg i on and s tro ked wi th the r i ght  
pectora l fi n twi ce . The sequence wa s then part i a l l y  repeated wi th the  
ma l e  retreat i ng beh i nd the fema l e  aga i n momenta r i l y ,  then return i ng to  
the s trok i ng pos i t i on , th i s  t i me s tro k i ng her pedunc l e  1 0  to 1 2  t i mes  
wi th the  l eft pectoral f i n .  
Throughout  the above encounter , the fema l e  had rema i ned mot i on­
l es s . Fo l l owi n g  t h i s rou t i ne , however , s he f i na l l y  moved up s tream 
6 to 8 em . The ma l e  q u i c k l y  s ettl ed bes i de her to the r i ght , then 
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turned and n udged her head two or  three t i me s . Subseq uent ly , he dropped 
down stream and pl aced h i s  body d i a gona l l y  acro s s  her pedunc l e  once 
aga i n and s troked wi th the l eft pectora l f i n .  At th i s  j un cture , the 
pa i r  moved ups tream i n  u n i son . However ,  i t  seemed the fema l e  wa s 
a ttempti ng  to move from benea th the ma l e  and , after l os i ng h i s  mount , 
the  ma l e  fol l owed the fema l e  i n  errat i c  dashes  unt 1 l s he aga i n  settl ed 
to the s u b s trate perha ps a meter ups tream where he rej o i ned her . He 
then resumed the pectoral stro k i ng pos i t i on , aga i n  s t ro k i ng  her fi r st  
wi th t he  l eft pectora l fi n 7 or  8 t i me s , then t he  r 1 g h t . T he  fema l e  
then moved ahead s l owl y wh i l e  v i gorou s l y  wagg i ng the cauda l  reg i on , and 
her anal  f i n  appea red to be  sweep i ng the  sandy s u b s tra te . The mal e 
fo l l owed i mmed i ate l y  and wa s seen to repea t the v i gorous  wagg i ng maneuver 
over the same area . Fo l l owi ng t h i s ,  a few mo re nudg i ng and s tro k i ng 
ses s i ons  occu rred before the  pa i r  s udden l y  darted away and were l os t  
from s i ght . 
The account  j ust  rel a ted cou l d  probabl y have been construed a s  
heavy courts h i p  behav i or a n d  an  u n s ucces s f u l  attempt a t  s pawn i ng  by the 
ma l e .  The fema l e appeared to be a pprehen s i ve at  the pres ence  of the 
observer and may not have been respond i ng to the ma l e 1 s  advances i n  a 
norma l manner . The on l y  pos s i b l e  maneu ver  w h i ch  cou l d  have repre s en ted 
s pawn i ng wa s the v i gorous  wagg i ng of the pedunc l e and bury i n g  of the 
anal  f i n i nto the sand  by the fema l e  wh i ch wa s 1 mmed i a te l y  fo l l owed by 
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a s i mi l ar maneuver by the ma l e .  I n  l i g ht  of the tubercu l a t i on , caducous  
sca l es , and ana l  fi n morphol ogy of the ma l es , howe ver , i t  i s  mos t  l i ke l y  
that P.  tanasi s pawn s i n  a manner mo re c l o se ly  approx i mat i ng that des ­
cr i bed for other s pec i es o f  Percina rather than by the procedure j us t  
noted . 
Perhaps  the mos t  exp l i c i t  descr i pt i ons  o f  s pawn i ng i n  Percina 
were those o f  New ( 1 966 ) and Howe l l ( 1 97 1 ) .  New descr i bed i n  deta i l the 
s pawn i ng act  of  P.  peZ tata , beg i nn i ng the des c r i pt i o n  w i t h  an account  
of  fema l e  s o l i c i ta t i on s t i mu l i .  No s u c h  mot 1 ons  were observed i n  
P.  tanasi , but  the courts h i p  encounter was al ready i n  progres s  when 
the observa t i on began , so th i s  wa s i nconcl us i ve .  After mount 1 ng ,  the 
ma l e  peltata ru bbed the femal e 1 s  nape reg 1 on w i th h i s  i s thmus . S i nce 
ma l e  peZtata pos se s s ed no breed i n g  tuberc l es ( Col l ette , 1 965 ) , New 
conc l uded that the caducous  be l l y  sca l es a l one s erved as  tact i l e  
s t imu l atory orga n s  and abras i ve s urfaces  to a i d  the ma l e  i n  ma i nta i n i ng 
h i s  purchase on the femal e .  As s tated by Page ( 1 976 ) cadu co u s  sca l es  
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are not  h i g h l y  dev e l oped i n  lmostoma , and  they p l ay a re l at i ve l y  mi nor 
rol e i n  these  func t i ons . Therefore , s pawn i ng procedure i n  Imos toma 
mi ght  be expected to approxi mate mor e  c l o se ly  that of  other tuberc u l ate 
s pec i es . Unfortu natel y ,  accounts for h i g h l y  tu berc u l ate s pec i es were 
nonex i sten t . Re i g ha rd ( 1 9 1 3 ) and W i nn ( 1 958 ) gave b r i ef accounts o f  
behav i or i n  P .  caprodes , wh i c h 1 s  on l y  s l i ght l y tuberc u l ate . The 
observed caprodes s i mp ly  mounted the fema l e ' s  back  w i t h  the pedu n c l e off 
to one s i de a nd down on the s u b s trate . Presuma b l y  tact i l e  s t i mu l a t i o n  
t o  t h e  fema l e ' s  b a c k  was a c h i eved by use  of t h e  tubercl es dur i ng 
q u i veri ng wh i ch ens ued . The  ventra l tuberc l es on the head a nd pe l v i c  
f i n s  o f  P. tanasi probab l y  s erve comparab l e funct i ons . Tuberc l es  on the 
ma l e ' s  l ong a n a l  f i n and cauda l f i n  may s erve as add 1 t i on a l  s t i mu l a tory 
o rgans appl i ed to the femal e ' s  pedunc l e ,  or  the i r  c h i ef  functi on may be 
more concerned wi th  secu r i ng a purchase by c l asp i ng  oppos i te s i des  of 
the fema l e  cauda l reg i on .  At no t i me dur i ng the encou nter of P. tanasi 
wa s synchro nous  q u i veri ng  observed , and i t  wa s for th i s  reason t hat  i t  
was be l i eved that actua l  egg depos i t i on wa s not ac h i eved . 
Sna i l da rters reta i ned i n  aquar i a  fai l ed to s pawn . Though s ome 
fo l l ow i ng beha v i or  was observed i n  ma l es ,  femal es  a ppeared d i s i nteres ted 
or  perhaps were not s uffi c i en t l y  acc l i ma ted to the ca pti ve  s urround i ng s . 
I t  s eems p l aus i b l e that the e l abora t i o n  o f  tu berc l es i n  lmostoma 
may be a res u l t of s e l ect i on for mechan i sms favo r i n g  ach i evement  of  more 
adequate s t i mu l a t i on and c l a s p i ng ab i l i ty wh i l e  con tend i ng  wi th  s trong 
c urrent . A s urvey of  s ubgenera l a c k i ng  tu berc l es  taken from Col l e tte 
( 1 965 ) compared wi th  var i ou s  pub l i s hed l i fe h i s tori es and persona l ob­
serva t i ons  on members of the g ro ups revea l ed that s pec i es hav i ng an  
absence or  a reduc t i on of  tuberc l es typ i ca l l y s pawn i n  more gen tl e 
r i ffl e s  or run s  than h i g h l y  tubercu l ate s peci e s . Imostoma a nd Ericosma 
a re the mos t  e l a boratel y tuberc l ed groups , and both contend w i th s trong 
current s i t ua t i o n s  when s pawn i ng . 
Early Devel opmen t  
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A s  s ta ted i n  Methods , s na i l darter eggs were arti f i ca l l y fert i l i zed 
i n  the  fi e l d a t  6 °  C ,  brought  to the  l abora tory , and i ncuba ted a t  1 2 . 5° C 
a fter acc l i ma t i on . I n i t i a l l y ,  80 to 90 ova were ferti l i z ed a t  1 230 hours  
on  February 9 ,  1 976 , and i ncubat i on  of ova wa s begun at  1 530 hours . The 
fo l l ow i ng chrono l og i ca l  account  descr i bes the ear l y  devel opment  of the  
eggs and  l a rvae . 
�e 3 hours ( F i g ure 1 9 ,  part a ) . O i l  drop l et  was com-
pl ete l y coa l e s ced i n  ova a nd s i tuated i n  vegeta l hem i s phere . B l a s tod i s c  
had formed a bout  the a n i ma l  po l e .  Per i v i tel l i ne s pace  was very w i de and , 
therefore , yo l k  was not cont i guous  wi th  c ho r i on a s  i l l u s trated for s i m i l a r 
s tages of some other perc i form f i s hes  ( Bol i n , 1 930 ) ,  hav i ng a l ready been 
l ysed free by the corti cal a l veol i .  
�51 hours . Some c l eavage was ev i dent  i n  b l a s tod i s c  area . 
Number of ce l l s  was d i ffi cu l t  to determi ne . 
Age 96  hours . Embryon i c  ax i s  wa s now apparen t .  Body s h i e l d 
and  cepha l i c  reg i o n  were ev i dent . Gas tru l i za t i on  appeared 40 percent  
comp l ete . 
Age 1 30 hours  ( F i gure 1 9 ,  part b ) . Deve l opmen t  was 
advanc i ng rap i d l y .  Gas tru l i za t i o n  was compl ete except i ng  b l as topore . 
Opti c ves i cl es were v i s i bl e  i n  cepha l i c  reg i o n  and Ku pffers ves i c l e 
wa s formed pos ter i o rl y .  
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F i gure 1 9 . Egg and l a rva l s tages  of PeY'cina tanasi a t : ( a )  3 
hours . ( b )  1 30 hours , ( c )  1 80 hours , ( d )  203 hours , ( e )  276  hours , 
( f )  257 hours . and ( g )  596 hours . 
Age 1 50 hours . B l a s to po re wa s defi n i te l y  c l o s ed . Semi tes were 
devel op i n g , at l ea s t  fou r  pa i r  be i ng ev i dent . 
�70 hours . Embryo was now occas i onal l y  rotat i ng wi th i n  the 
c hori on . 
Age 1 80 hours  ( F i g ure 1 9 ,  pa rt c ) .  Caudal  reg i on was 
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now free from yol k sac . Head rema i ned  a ttached near o i l dropl et . Bra i n 
reg i on s  were d i fferent i at i ng . 
Age 1 96 hours . Sem i tes deve l o ped a l ong  enti re body reg i on . 
Some pi gment wa s ev i dent i n  i ntersomi ti c areas  a l ong  notochord on  
poster i or 1 /3 of  body . 
Age 203 hours ( F i gure 1 9 ,  part d ) . Embryos were mov i ng  
free l y .  Head  wa s free from yol k s ac . Peri card i um was formed and heart 
beat had begun . Ventral reg i on of ta i l and yol k s ac  now had scattered 
mel anophore s , and opt i c  c u ps were o u tl i ned wi th pi gmen t . 
Age 228 hours . Eyes comp l ete l y  p i gmented . V i o l en t  rota t i o n s  
wi th i n e g g  occurred o ften . 
Age 252  hours . B l ood f l ow was now ev i dent i n  dorsa l  aorta to tai l 
reg i on and a l s o  acro s s  v i te l l i ne membrane . Oot i l i th s  and  o l factory l obes  
were wel l formed . Myomeres were c l ear l y defi ned . 
Age 264 hours . Pectoral buds were now apparen t . 
Age 276  hours ( Fi gure 1 9 ,  part  e ) .  Pectoral f i ns had 
conti nued to devel op . Al s o  c l us ters  o f  d i fferent i at i ng c e l l s  at 
j uncture of venter and yo l k sac may have repres en ted pe l v i c  devel opmen t . 
Lens of  eye was d i s t i nct  w i th i n  opt i c  c u p . Pri m i t i ve gut  tube was 
c l ear ly  presen t . 
Age 290 hours . B l ood had reddened be i ng e s pec i a l l y  ev i dent  i n  
heart area . Heart rate wa s 1 20/m i nu te .  
Age 345 hours . Ta i l  had l engthened con s i dera b l y .  Body was 
wrapped wi th i n egg about 1 . 5 t i mes . 
Age 357  hours ( F i g ure 1 9 ,  pa rt f ) .  Four  o r  f i ve eggs had 
hatched . Larvae were 6 mm tota l l ength . Pr im i t i ve mouth  was formed . 
Heart appeared a s  three bu l bous  i nf l a t i o n s  presumab l y d i fferen t i a t i ng  
i nto chambers . Heart rate rema i ned at  1 20/m i nute . O i l drop l et wa s 
s i tuated forwa rd i n  the yol k sac . Mel anophores were confi ned ventra l l y  
o n  ta i l  and to l ower ha l f o f  yol k s ac . No p i gment  o cc urred i n  ana l  
reg i on between yol k s ac and  ta i l .  Embryos i n  proces s  of  hatch i ng were 
observed to ro l l and thra s h  v i gorou s l y  popp i ng f i rs t  the ta i l  free , 
then the head . 
Age 359 hours . Al l eggs  had hatched . 
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Age 405 hours . Yo l k  sac  l a rvae were o cca s i ona l l y  very ac t i ve , 
sw immi ng about  per i od i ca l l y  between res p i tes on bottom of conta i ner . 
P i gment  patterns  and heart rate were unchanged . Caudal  f i n  wa s deve l op­
i ng ,  but  no rays were apparent .  Pectora l  rays were fa i nt l y  d i scern i b l e ,  
and  pe l v i c  f i n s  had appeared beneath pectora l s .  To ta l l ength was 
now 7 mm . 
Age 433 hours . P i gment i ntens i ty had decreased  i n  opti c cup  and 
pupi l was apparentl y formed . Mouth  was open , but  d i ges t i ve sys tem 
appea red nonfunct i ona l  as connect i on to gut  tube wa s i ncomp l ete . Con­
s i derab l e yo l k rema i ned and  o i l dro pl et  had decreased  l i t t l e .  P i gmenta­
t i on s ti l l  wa s unchanged . 
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Age 478 hours . La rvae were swi mmi ng co nt i nuous l y .  Mouth appeared 
to be approa ch i ng functi ona l statu s . 
Age 500 hours . P i gment  had scattered about head and  wa s i n ten s i fy­
i ng in  anal  area . Some ca uda l rays were now d i s cern i b l e .  
Age 524 hours . Larvae appeared to be s tron g l y  phototaxi c ,  l y i ng 
q u i es cent i n  dark  and becomi ng very acti ve  i n  l i ght . They were i mmed i ate l y  
drawn to a ny area o f  l i ght  bottom i n  the con ta i ner . They were not re­
s pon s i ve to food . O i l dropl et wa s s t i l l  l arge . 
Age 572  hours . About  20 to 24 rays were now a pparent i n  caudal  
reg i on from anus arou nd caudal  f i n .  Seven pectora l rays had deve l oped . 
No pe l v i c  rays were ev i den t . Myomeres total ed  37 . 
Age 596 hours  ( Fi gure 1 9 ,  part g ) . Ana l  fi n d i fferen -
t i ated from caudal . P i gmen t  was s t i l l  concentrated a l ong ven tral port i on 
o f  pedunc l e  a nd about gut  tube . P i gment was heavy on yo l k  sac . Abo u t  
three mel a nopho re s  h a d  appeared on e i ther pe l v i c  f i n .  P i gment we l l  
s cattered i n  head reg i on . Some yo l k rema i ned  and gut  was a pparent l y 
s t i l l  not functi on i ng . Food was re fu s ed . Tota l  l ength  attai ned was 
7 . 5  mm . 
Fo l l owi ng  th i s  observa t i on , the l a s t  rema i n 1 ng l arvae had 
s uccumbed . There had been s teady morta l i ty of l arvae s i nce  hatch i ng .  
They d i d  not s eem a b l e  to to l erate heavy turbu l ence a s  many d i ed when 
an  a i r hose acc i dent ly  su bmerged to the bottom of  a conta i ner  and 
c h u rned the water for a few hours . Egg mo rta l i ty was rel at i ve l y  l ow 
wi th l es s  than 20 percent dy i ng before hatc h i ng .  
I t  i s  c l ear from these  observat i on s  that the  ear l y  deve l opment i s  
a pro l onged proces s .  From i n i t i a l  fert i l i zat i on on  Febr uary 9 ,  a fu l l 
1 5  days e l a ps ed before hatch i ng on February 24 . Th i s rate of  deve l op­
men t  occurred a t  6°  C above that  o f  the  natura l hab i ta t , and i t  i s  
s pecu l ated that hatch i ng and other s tages  of  the  devel opment proces s  
wou l d  have taken days l onger i n  the s pawn i ng hab i tat .  The o n l y  o ther 
Percina s pec i es for wh i c h  earl y devel opment was recorded , P. sciera , 
requ i red but  90 hours  to hatch ( Page and Smi th , 1 970 ) . However , these  
s pe c i mens  were deve l op i ng a t  23°  C ,  empha s i z i ng the i mportant effec t  
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of  water temperature on deve l opmen t  t i me .  The s na i l darter ' s  deve l o pment 
t i me compared favorab l y  wi th that of E.  b lenniodes wh i ch req u i red 1 8  
days to hatch at  1 3 . 5° C ( Fahy , 1 954 ) . F i fteen  days probab l y  represented 
the m i n i mum hatc h i ng t i me req u i red for P. tanas i i n  the L i tt l e Tennes see  
R i ver a s  water  temperature s  averaged on l y  abo u t  1 2° C to  1 3° C dur i ng 
Apri l , the warmes t  mon th of  the s pawn i ng s eason . 
Speare ( 1 965 ) corre l ated the hatc h i ng s uccess  of darter eggs  
w i th water temperature . Succes s  of  Etheostoma nigrum eggs  l a i d  i n  May 
wa s 1 4  percent h i gher  than tho se  depos i ted i n  the co l der month  o f  Apri l . 
I t  i s  conce i va b l e that s uc h  a re l at i ons h i p  ex i st s  for P. tanasi .  
However , Hubbs  ( 1 9 6 1 ) d i s cu s s ed the narrow tempera ture tol e rance range  
for Percina eggs ( P. caprodes and P.  sciera ) , a nd l t  may be more i mpor­
tant to a s pec i es adapted to w i n ter  reproduct i on that temperatures d i d  
not warm cons i dera b l y  over t he s pawn i ng s easo n . As noted , hatch i ng 
s u cces s  was h i g h  i n  the l abora to ry , abou t 80 percent , and m i g ht have been 
even h i gher u nder i dea l  natura l  cond i t i on s , barri ng  preda t i o n . 
Mos t  c r i t i ca l  to the s u rv i va l  of  young  s na i l  darters may have 
been the prol onged l arva l  per i od wh i ch may be the  res u l t  of  l ow water 
temperatu res .  I t  wou l d  a ppear that P. tanasi wou l d  be  mos t  vu l nerab l e  
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to predat i on or  genera l  vagari es of thei r env i ronment  at th i s  t i me .  
Larva 1 Dri ft 
As menti oned under mi g rat i on , there wa s s ubstan t 1 a l  ev i den ce that 
l arva l s na i l darters dri fted for great d i stances down stream a fter 
hatch i ng .  The p l i gh t  of l arge concentrat ions  of young-of-the-year s na i l 
darters trapped be l ow Te l l i co Dam after i ts c l o sure , coup l ed w i th the i r  
v i rtu a l  absence i n  the r i ver above , drama t i ca l l y  empha s i zed th i s  fact . 
I nten s i ve co l l ect i ng  wi th p l a n kton gear i n  the pe r 1 phera l  s l ow water 
habi tat adj acent to s hoal  area s fa i l ed to produce a ny l arva l  s na i l 
da rters . T h i s seemed to i nd i cate that l arvae were carr i ed cons i dera b l y  
down s tream after hatch i ng to deep areas of t h e  r i ver where they m i g h t  
contend wi th mi n i ma l  current . Deep ba s i n s i n  the ri ver bel ow Dav i s  
I s l and , Morganton Ferry , and Dav i s  Fer ry ( Fi gure 2 ,  page 22 ) may have 
s erved as refu g i a for l arva l deve l o pmen t ,  or the maj or i ty may have been 
trans ported compl etel y downs tream beyond the con f i nes  of  the L i tt l e  
Tennessee a s  had a ppa rent l y  happened i n  1 9 76 . I t  i s  conce i vab l e that 
i ncreased rates o f  f l ow s i nce i mpoundment of Ch i l howee Dam have enhan ced 
and magn i fi ed th i s  phenomenon .  I n  th i s  manner recru i tment for ma rg i na l  
popu l a t i on s  i n  the Tennes see R i ver mus t  a l so have been fac i l i tated . 
As determ i ned i n  the  l aboratory , the a c t i ve  pro l arval  s tages 
(yol k sac ) were h i gh l y  phototax i c  and swam a t  the s u rface under l i g h ted  
condi t ions . Th i s may have been some i nd i cati on of the i r  behav i or i n  the 
natura l  env i ronment .  The pro l arval  and  post l arva l s tages o f  sna i l 
darters may have behaved e s sent i a l l y  as  semi -p l ankton i c  a n ima l s i n  the 
q u i escent port i ons  o f  the r i ver , feed i ng c h i efl y on m i cro - i nvertebrate 
p l an kton , pos s i bl y  near the s u rface . The i nact i v i ty o f  l a rvae p l aced 
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i n  darknes s i n  the l abora tory suggested that they may demonstrate s trong 
d i urna l  tendenc i es i n  the i r  ear l y  s tages , po s s i b l y  to the po i nt o f  
da i ly mi grati o n . 
Fahy ( 1 954 )  e st ima ted a per i od of about  1 5  to 20  days neces sary 
for Etheostoma bZenniodes l a rvae to transform to the j uven i l e  s tage s . 
At s im i l ar tempera tures ,  th i s  peri od seemed a pp l i ca b l e to P.  tanasi i n  
l i g ht  of  the equa l i ty of hatch i ng t imes  of these two s pec i es . After 
undergo i ng trans forma t i on to the j uven i l e  s tage , i t  i s  presumed that the 
young s na i l darters wou l d  a s s ume a benth i c  mode of  l i fe .  Th i s  wou l d  
occur a month  o r  more after hatc h i ng . As j uven i l es become ab l e to con­
tend wi th c urrent , mos t  i nd i v i du a l s mus t  then  m i g ra te up stream . They 
beg i n  to a ppear i n  the shoal  area s up s tream i n  J une a t  the age of 
3 to 4 month s  and a s tandard l ength of 40 mm or  l es s , a nd they become 
more abundant a s  the s ummer progre s s e s  th us  c ompl eti ng an ea r l y  and  
h i gh l y  cri t i ca l s tage of  l i fe . 
CHAPTER  V I I  
F EED I NG AND D I ET I MPL I CATI ONS 
A l i mentary Ana l ys i s  
Fo l l ow i ng  i s  a genera l recap i tu l a t i on and d i s cu s s i on o f  d i et 
con s t i tuents exc i sed from the a l i mentary tracts o f  s na i l darters and  
as soc i ated s pec i es "  Tab l es 8 and 9 ,  Appendi x A ,  i s  a compl ete presen tat i on 
of  s ummari zed s easona l  food data i n  terms of numbers o f  organ i sms con­
s umed , and  Tab l e 4 l i s ts a s easona l  compari son  of  re l at i ve b i omas s  
i nta ke o f  the more common food organ i sms . 
The con s t i tuents of  overwhe l m i n g  i mportance i n  the d i et o f  
P. tanasi were s evera l s pec i es of  sma l l gas tropods 5 mm or  l es s  i n  
d i ameter . I n  the 6 7  s pec i mens  exam i ned , by far  the mos t  common ga stro­
pod prey i tem was anculosa subglobosa wh i ch compri sed 46 percent of 
orga n i sms cons umed i n  the overa l l annua l  d i et .  Second i n  i mporta nce  
were s na i l s  of  the genus  Physa wh i c h compri sed 1 1  percent of  orga n i sms 
consumed . I n  combi nat i on , these two prey spec i es prov i ded 59 . 7  percent 
of  the  b i omas s  i n  the annual  d i et .  Other gas tropods taken i n  fa r l es s  
numbers were s na i l s  Lithasia verrucosa , Pleurocera canal iculata , 
Menetus s p . , and the l i mpet , Ferrissia s p , ; another mo l l uscan  cons umed 
wa s the fi n gerna i l c l am ,  Sphaerium s p .  Mo l l u s ks tota l ed 58 . 5  percent  
o f  the tota l n umber of orga n i sms cons umed . One terres tri a l  gas tropod , 
Retinel la s p . , wa s exc i sed from a Tennessee  Ri ver s peci men of  P.  tanasi . 
Though exceed i n g l y  abundant , the As i at i c c l am ,  Corbicula manni Zensis , wa s 
not u t i l i zed as  food by sna i l  darters or  assoc i ated s pec i es . 
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Ta b l e  4 .  Da i l y  B i omas s  ( mg ) and Percen tages of  B i omas s  Cons umed by Seasona l  Samp l es of  Percina 
tanasi for Fi ve Predom i nant  Prey I tems 
Mean  Wt . Overa 1 1  
Per Organ i sm Wi n ter Spr i ng S ummer Fa 1 1  Annua l 
No . s tomach s  1 1  1 5  24 1 7  67  
AncuZosa-Physa 3 . 3  326 . 7  ( 95 )  1 4 1 . 9  ( 1 4 )  643 . 5  ( 7 1 ) 858 . 0  ( 8 2 ) 1 9 70 . 1  ( 59 )  
Brachycentrus 1 3 '  1 406 . 1  ( 4 0 )  78 . 6  ( 07 )  484 . 7  ( 1 5 )  
Hydropsyche 1 4 . 9 29 . 8  ( 03 )  44 . 7  ( 05 )  74 . 5  ( 0 7 )  1 49 . 0  ( 0 4 )  
GZossosoma 1 . 7 1 0 . 2  ( 01 ) 64 , 6  ( 07 )  5 . 1 ( 0 1 ) 7 9 . 9  ( 02 )  
Simu l ium . 4  1 06 . 4  ( 1 2 )  1 06 . 4  ( 03 ) 
Other 1 4 . 4  ( 05 )  4 1 9 . 6  ( 4 2 )  4 1  . 4  ( 05 )  24 . 9  ( 03 )  500 . 3  ( 1 5 ) 
Tota l B i oma s s  Cons umed 
By Sampl e 341 . 1  1 008 . 5  900 . 6  1 046 . 5  3296 . 7  
Mea n  Da i l y  I n take/ I nd i v i dua l  3 1 . 0  67 . 2  37 . 5  61 . 5  49 . 2  
OJ 1..0 
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A s econd maj or group , the tri cohptera , were next i n  i mportance 
i n  the annual  d i et . They prov i ded 1 0 . 4  percent of prey i tems cons umed 
and 2 1 . 6  percent of the b i omas s .  Mos t  notab l e among  the  Tri c hoptera was 
BPachycentPus etowahensis wh i c h wa s exceed i ng l y  a bu ndant  i n  the r i ver 
and i n  the d i ets  of  a s soci ated s pec i es . I t  compri s ed 1 4 . 7  percent  of 
annua l  b i oma s s  cons umed by P. tanasi . Further contr i but i on s  were made 
by Hydropsyche moPosa and H.  venu laPis ( 4 . 5  percent ) and Glossosoma 
nigPioP ( 2 . 4  percent ) .  T i ny Lepidos toma s p .  appeared i n  one  s ampl e .  
Other i ns ect  orders p l ayed a mi nor rol e i n  the d i ets  of d i s s ected 
s na i l darters . Of mos t i mportance among  them were d i pterans of  wh i c h a 
s i ng l e  genus , Simu lium , wa s i mportant .  I t  occurred i n  l a rge numbers 
( 50 percent of organ i sms cons umed i n  the s umme r  d i et )  but const i tuted 
on l y  1 2  percent  of  the s ummer b i oma s s  cons umed and j u s t  3 o 2  percent  on 
a n  annual  ba s i s .  Other d i pterans  of  s poradi c occurrence i n  the d i et 
were c h i ronomi ds , b l ephari ceri ds , and the ti pu l i d  Antocha saxico la . 
P l ecopterans  were nonexi s tent i n  the d i et of s na i l  darters a nd epheme­
ropterans c ompr i sed l es s  than 1 percent of  the annua l  d i et and , therefore , 
contri buted l i ttl e to i nj e s ted b i omas s .  
A f i na l , and pos s i b l y  s urpri s i ng ,  component  of  the s na i l darter ' s  
d i et was fi s h  eggs . A s ubstant i a l  n umber ( 1 1  pe rcen t )  a ppeared i n  the 
s pr i n g  and ear l y  summer d i et .  Those  cons umed ear l i er i n  the s pri ng 
were a l mo s t  certa i n l y  representat i ve of cann i ba l i s t i c i ntake of  s na i l 
darter eggs , a s  they were perc i d  eggs , and P. tanasi wa s the o n ly  
s pec i es s pawn i ng at  t hat  t i me wi th t he  except i o n  of  a few P.  shumaPdi . 
Severa l eggs  had wel l devel o ped embryos i nd i cat i ng that they had been 
depo s i ted for severa l days pr i or to cons umpt i on . 
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There a ppeared to  be no d i fference i n  the s na i l darter ' s  d i et 
w i th respect to age i n  adu l t or  s u badu l t c l a s ses . Darters of  d i fferent 
l ength c l a s ses  ( age ) conta i ned e s s ent i a l l y  the  s ame prey i tems , and ra t i on 
s i ze ( b i oma s s ) d i d  not vary i n  any certa i n  way i n  t h i s res pect . The 
sma l l es t  P. tanasi d i s sected ( 38 mm S L )  conta i ned food  i tems s i mi l ar to 
o l der i nd i v i dua l s i n  the s ampl e .  However , there was s ome pos s i b i l i ty 
that gas tropods were not ut i l i zed by tanasi unt i l they reached con­
s i derab l e s i ze .  Four s pec i mens  rang i ng from 40 to 45 mm SL  samp l ed i n  
mi d-June  had no s na i l s  i n  the d i ges ti ve tract , but  they conta i ned 
s evera l sma l l tri c hopterans  ( Glossosoma ) .  E l even s pec i mens  rang i ng from 
55 to 70 mm SL co l l ected 1 0  days ear l i er were l aden w i th gas tropods . 
Th i s  mi ght  have appeared conc l u s i ve i n i t i a l l y ,  but  a 5 5  mm s pec i men 
co l l ected a l ong  wi th  the s ubadu l ts  a l so  conta i ned no s na i l s .  Therefore , 
ava i l a bi l i ty or  se l ecti v i ty may have been a factor . A 46-mm-S L s pe c i men  
co l l ected i n  ear l y  Aug u s t  conta i ned 1 4  Anculosa , so  there wa s some 
po s s i b i l i ty that gas tropods en tered the d i et some t i me dur i n g  the f i r st  
summer of  l i fe .  The gape of  40 mm SL  s pec imens  a ppeared l a rge enough 
to accommodate s na i l s  5 mm or  l es s  i n  d i ameter . 
I nfo rma t i o n  concern i ng the d i et of  l arva l or  j uven i l e  s na i l 
darters rema i n s  s pec u l ati ve , a s  none were col l ected desp i te many efforts 
to do so  by the author and TVA b i o l og i s ts . Nor were the very young  of 
a s soc i ated darter s pe c i e s  ca ptured for comparati ve purposes . Many young  
of  Cottus caro linae were enco untered , but  the i r  extreme l y  l a rge gape 
wou l d have permi tted i nges t i on o f  l arge prey i tems , and the i r  d i et ,  i n  
a l l probabi l i ty , wou l d  d i ffer con s i derab l y from that of  j uveni l e  s na i l 
darters . 
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The on l y  Percina for wh i c h the d i et of  very you ng i nd i v i dua l s  
i s  recorded i s  P.  maculata ( Thoma s , 1 97 0 ) . There was a preponderance of  
m i crocrustaceans  in  the d i et ( copepods and c l adocerans ) wi th a trans i t i on 
to sma l l i ns ects  a l ready appa rent by the t i me the darter had atta i ned 
1 8  to 24 mm TL . Benth i c  samp l es  ta ken f rom the L i ttl e Tennes s ee R i ver  
d u r i n g  and after the spawn i ng season  revea l ed an  abundance of m i cro­
crustaceans ( co pepods , os tracods ) as  we l l  as tard i grades and sma l l 
o l i goghaetes i n  s l ow-water areas . C i rcumstant i a l l y ,  l arva l s na i l 
da rters proba b l y  fed on a d i et composed of these i tems d ur i ng  the f i rs t  
month o r  s o  o f  devel opment  i n  the i r deep-water refug i a unt i l sma l l i n ­
sects such  a s  c h i ronom id s  cou l d  be cons umed . 
Seasona l  D i et  Trend s - - Compos i t i on 
Res u l ts of  al i men tary anal yses reveal ed  a n umbe r of  seasonal  
trends  i n  the d i et of  the sna i l  da rter and i ts a s so c 1 a tes . These are  
ev i dent  i n  Ta b l e 3 ,  page  26 , and Tabl es  8 and 9 ,  Append 1 x  A .  
Co ns i der i ng f i rst  P.  tanasi wi th respect to compo s i t i on , the year ­
a round stap l e prey i tem , gastropods , repre sen ted a very h i g h percentage 
( 7 1  to 95 percent ) o f  the s easonal  d i et throu gho ut the year except i n  
spr i ng  when the d i et was mos t  va r i ed .  I n  spec i mens  exami ned , a rel a­
t i ve l y  l ow percentage of b i oma s s  i ntake ( 1 4 percent ) was  represen ted 
i n  the spr i ng  d i et by gastropod s . At th i s t i me the t r i chopteran 
Brachycentrus etowahensis was exceed 1 ng l y abundent  i n  s tomachs  of L i ttl e 
Tennes s ee da rters i nc l ud i ng P. tanasi accounti ng for 23 percent of  the 
n umber of organ i sms consumed a nd 40 percent o f  the b i oma s s  i ngested 
( Tab l e 4 ) . S l i g h t l y  l arger percentages o f  other  Tr i choptera spec i es 
93 
were a l s o ut i l i zed a t  th i s t i me a s  we l l  a s  ephemeropteran s  (Stenonema , 
Ephemere l la ) , d i pterans  ( bl epharoceri ds , ch i ronomi d s ) , and  the fore­
ment i oned f i s h  eggs . The d i vers i ty of  the spr i ng  d i et was exemp l i f i ed 
by the fact that prey i tems a s i de from the fi ve mos t  common l y  en­
countered s pec i es i n  the overa l l annual  d i et accounted for 42  percent  of  
the b i omas s  cons umed . The pos s i b i l i t i es of  d i et f l uctuat i on s  be i ng 
governed by re l a t i ve ava i l ab i l i ty of prey i tems w i l l  be d i s c u s sed l ater . 
I n  ea r l y  s ummer , there was a s i gn i f i cant  retu rn to gas tropods a s  
a d i et s tap l e ( 40 percent of i ngested orga n i sms , 7 1  percent of  b i omas s ) .  
However , the  tri chopteran Glossosoma nigrior wa s promi nent for a t i me i n  
the ear ly  s ummer d i et and was refl ected as  an overa l l s ummer i ncrease 
for th i s  prey i tem in Tabl e 9 ,  Append i x  A .  However ,  i ts sma l l s i ze 
l i mi ted i ts contr i but i on to b i oma s s  ( 7  percen t ) . Very promi nent i n  the  
s ummer d i et were s i mu l i i d d i pteran l arvae ( 50 percent by number ) wh i c h 
were a pparent l y l oca l l y  abundant at  t i mes  i n  the s pr i n g  and  s ummer . 
Aga i n , however ,  the i r  rel ati vel y sma l l s i ze reduced the i r b i oma s s  con ­
tr i bu t i on to j us t  1 2  percent . 
Lea s t  d i verse of  a l l were the fa l l and w 1 nter d i ets . An over­
whel m i ng percentage of  the d i et was gas tropods , 81  and 9 1  pe rcent , 
res pect i vel y .  L i ttl e e l se  i n  the way o f  prey i tems was refl ected i n  the 
wi nter d i et , and smal l but s i gn i f i cant  con tr i but i on s  were made to the 
fal l d i et by the tri chopteran s  Brachycentrus and Hydropsyche ( 7  percent 
eac h ) . 
Seasona l  trends i n  the d i et compos i t i o n  of  a s soc i a ted s pec i es 
were somewhat l es s  ev i dent due  to the l ack  of a s a l i en t  d i et s tandard 
i n  wh i ch c ha nges cou l d read i l y  be detected . Mos t  notab l e i n  the d i ets  
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of P. evides , P .  caprodes , and c. caro linae wa s the heavy consumpt i on of 
tr i c hopterans  i n  the wi nter and spr i ng . As wi th P.  tanasi , c h i ef among  
these was Brachycentrus w i th con s i derab l e numbers of Hydropsyche a l so  
present , e s pec i a l l y  i n  the l ogperc h ,  P. caprodes . Al so , a s  i n  P. tanasi , 
Glossosoma was a cons p i cuous  e l ement  of the ear l y  s ummer d i et . Fa l l  
usage  of tr i chopterans wa s genera l l y  a l so l ow i n  a s soc i ates though con­
s i derab ly  h i g her than  in  P. tanasi . Con s p i cuous  i n  the  wi nter d i et of 
C.  caro linae were the  pl  ecopterans  Pteronar'cys and Isogenus wh i ch , 
thou g h  l ow i n  numbers , accounted for a con s i derab l e percentage of the 
b i omass  consumed . They were i ns i gn i f i cant  i n  samp l es from other season s . 
I n  terms of n umbers co nsumed , c h i ronomi ds  compri sed what m i g h t  be 
construed as the mos t  stapl e i tem i n  the d i ets of s na i l darter a s s o ­
c i ates . Wh i l e  compri s i ng re l at i ve l y  h i gh percentages of c .  carolinae ' s 
d i et throughout  the  year ( 32 to 64 percent ) ,  muc h more drast i c fl uctua­
t i on s  were recorded from sampl es  of the a s soc i a ted darter s pec i es . From 
heavy cons umpt i on i n  wi nter- s pr i n g  ( 92 and 69 pe rcent ) ,  P. evides ' i nta ke 
of c h i ronom i ds  dropped to 6 and 1 7  percent i n  the  s ummer and fa l l , 
res pect i ve l y .  P. caprodes , wh i l e  a l so  decrea s i ng c h i ronomi d i ntake  
dra s t i ca l l y  i n  the s ummer ( 1  percent ) ,  reta i ned h i gh u t i l i zat i o n  of  
c h i ronom id s  i n  fa l l ( 76 percen t ) . Simulium a ppeared a s  a h i gh percentage 
of the s ummer d i et of P. evides concomi tant  wi th i ts i ncrease i n  
P. tanasi ' s  d i et .  Other d i pterans  (Antocha , b l epha cer i d s ) wh i ch 
occa s i ona l l y  occurred i n  the wi nter o r  spr i ng d i ets of  assoc i a ted s pec i es 
were i ns i gn i fi cant  o r  nonex i s tent  i n  the  s ummer-fa l l months . 
Trends noted i n  the d i ets of  P. sciera ( Page and Smi th , 1 97 0 )  and  
P. phoxocephala ( Page and Smi th , 1 97 1 ) from I l l i no i s  were d i s s i m i l ar to  
95 
those o f  s na i l darter as soc i ates i n  the L i tt l e  Tennes see  R i ver . 
Ut i l i zat i on  of  tri c ho pterans  was found  h i ghes t i n  the s ummer d i e t  i n  
I l l i no i s  s pec i es i n  contrast  to l ower summer occurrenc e  i n  s na i l darter 
a s soc i ates . However , a s omewha t s i mi l ar  trend was noted i n  the d i pterans 
as ut i l i za t i on o f  c h i ronomi d s  and s imul i i d s  d ropped i n  m i d to l ate 
s ummer . One P. tanasi a s soc i ate , P.  caprodes , was s tud i ed i n  I l l i no i s  
by Thomas ( 1 97 0 ) , but  he unfortunate l y  d i d  not  d i s cu s s  s easona l trends 
i n  the  d i et . Mu l l a n  et a l . ( 1 968 ) tabu l a ted year-around consumpt ion  of 
ephemeropterans  a nd d i pterans  i n  caprodes , but  these were s amp l ed 
from a reservo i r  s i tuati on . 
Seasonal  D i et Trends - -Con sumpti on Level s 
Con s i deri n g  now the seasona l  trends i n  overal l cons umpt i on l evel s ,  
the  mean da i l y  b i omas s  i ntake per i nd i v i dua l  s na i l darter f l u ctuated 
greatl y on a seasona l  bas i s .  A h i gh of 62 . 2  mg/ i nd was recorded from 
s pr i ng  samp l es  wi th  a s harp decrea s e  to 37 . 5  mg/ i nd i n  s ummer ( Ta bl e 4 ,  
page 89 ) . I n  fa l l ,  there was a marked 1 ncrease  to 6 1 . 5  mg/ i nd and a 
s harp decl i ne i n  wi n ter  to 3 1  mg/ i nd .  
S i m i l a r trends  have been noted i n  P. sc1.-era a nd P. phoxocepha Za 
( Page and Smi th , 1 970 and 1 97 1 ) .  They s tated that feed i n g  became heavy 
a s  s pawn i ng season  approac hed and decreased s harp ly  u pon  i ts arr i va l . 
I n  contras t ,  Fahy ( 1 954 ) , report i ng a s tu dy o f  Etheostoma b Zenniodes , 
attr i buted con s umpt i o n  trends  s ol e l y  to  water temperatures . H i s con­
c l u s i o n  was ba s ed o n  the a pparent pea k  i n  feed i n g  act i v i ty i n  mi d - s ummer 
when s treams were warmest . P.  tanasi ' s consump t i o n  l evel s ,  i n  the face 
of  thermog rap h i c data ( F i g ure 2 0 ) , s u pported the f i n d i ngs  of o ther Percina 
-Consumption 
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F i g u re 20 . Mon th ly  avera ge wa te r temperatures of  the Lowe r L i tt l e  Tennessee  Ri ver 
and season  foo d  consump t i on  l evel s of  Percina tanasi. � 0"1 
s tud i es wi th  consumpti on droppi ng i n  mi d- summer des p i te r i s i ng tempera­
tures . There may have been some corre l at i on of co n s umpt i on and water 
temperature , as i nta ke d i d  i ncrease  wi th  temperature i n  s pr i ng and , 
i nd i rect l y ,  i nc rea s ed as  temperatures decreased i n  the fa l l . I t  s eemed 
mos t  l i ke l y , however , that con sump t i o n  l evel s were governed by a com­
b i nati on of factors i nvol v i ng both temperature dependent  metabo l i c  re­
q u i rements and req u i rements  l i n ked wi th reproduct i ve deve l o pmen t .  As 
wa s d i s cu s s ed under reproduct i on , gonada l devel opment  began i n  ear l y  
fa l l  wi th rapi d devel opment occurr i n g  as  the w i n ter s pawn i ng sea son  
a pproac hed . I t  seems mos t  pl aus i b l e  that the fa l l  d i et i ncrea se  was a 
refl ect i o n  of needs  l i nked to th i s  growth . Further , i ncreases  i n  fa l l  
d i et l evel s were not noted i n  other publ i s hed s tud i es of  Percina nor 
were there nota b l e i ncrea ses  i n  those  of s na i l darter a s s oc i a tes . Al l 
s pec i e s  concerned s pawned muc h  l a ter than  P. tanas i and  had heavy d i e t  
i ncreases  i n  the s pr i ng  months  befo re s pawn i ng , further a s soc i at i ng  
con s umpti on  wi th reproduct i ve req u i reme n ts . 
Funct i ona l Morphol ogy and D i ge s t i on 
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Wea therl y ( 1 972 ) d i s c u s sed the  d i gest i ve systems of  var i ous  fi s hes  
po s se s s i ng d i fferent  d i etary reg i mes . Carn i vorous f i s hes  general l y  
pos s e s s  we l l def i ned s tomachs  and a s hort th i c k-wal l ed i ntes ti ne . Th i s  
type of  a l i mentary system typ i f i es a l l the darters i nc l ud i ng the s na i l 
darter . O rgan i sms cons umed by the sna i l darter are i ngested whol e and 
u ndergo i n i t i a l  d i ges t i on i n  the s tomach . Gas tropods , the pr i nc i pa l  
d i et e l emen t , are i ngested who l e and undergo a parti a l  d i s s o l ut i on o f  
the  s he l l i n  the s tomac h .  Upon reac h i n g  the pyl ori c area , these  
she l l s  are u s ua l l y  wel l crate red , a nd d i gest i on of  the a n i ma l  i n s i de 
a pparentl y i s  wel l underway . Shel l s  exc i sed from the rear porti on  of  
s na i l  darter guts  a pparent l y  had  undergone  further c ra ter i zat i on , and  
the  s na i l  i ts e l f was 40  to 60 percent d i gested . Th i s  re l at i ve l y  l ow 
d i ge s t i ve effi c i ency i s  appa rent l y o ffset by the h i gh vo l ume of i n ta ke . 
The re l at i ve l y  1 1 harder 1 1 d i et  of the s na i l darter mi g h t  suggest  
the presence o f  more powerfu l d i ges t i ve  enzymes  re l at i ve to other 
da rters , but  i nd i ca t i ons  were th i s  may not be true . Prey organi sms 
o ther than gas tropods  apparent l y  d i d  not undergo greater d i gest i on  than 
those cons umed by a s s oc i ated s pec i es , and the few gas tropods  found i n  
the s tomachs  o f  a s soc i a tes were i n  compara bl e s tates  o f  d i ges t i on to 
those  cons umed by P.  tanasi .  
Adaptat i on s  s u i ted to the i ngest i on  of  overa l l l arger o r  non­
compre s s i b l e  prey i tems m i g h t  be expected i n  a darter wh i ch rout i ne l y  
cons umes s na i l s .  Compar i son  of  gape s i ze s  between the s na i l  darter 
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and i ts darter as soc i ates l en t  s u b s tance  to th i s  theory . A contri ved 
i ndex of  gape s i ze ( j aw l ength  p l u s  mouth  wi dth expre s s ed i n  thou sandths  
of  s ta ndard l ength ) was empl oyed i n  t h i s compa r i son , and the  average 
gape i ndex va l ue of  P. tanasi ( 1 94 )  was 1 6  percent greater than P. evides 
( 1 67 )  and 67 percent greater than  P .  caprodes ( 1 1 6 ) . Further , cursory 
exami nati on  o f  s everal  other Perc1�na s pec i es represent i ng  o ther s u bgenera 
i nd i ca ted that s na i l darters and o ther members of  Imostoma may have the 
l arge s t  re l at i ve gape s i ze of any members of the i r  genus . 
Feed i ng C l a s s i f i ca t i on 
Per>cina tanasi cou l d  be broad ly  c l as s i f i ed a s  a n  ob l i ga te bottom 
feeder and a s i g h t  feeder . I t  s pends a l l of i ts t i me on  o r  near the  
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s ubs tra te and , therefore , mu s t  obta i n  food there . Such  benth i c  beha v i or 
typi f i e s  the  more advanced members of  the genu s  Percina i nc l ud i ng 
Imostoma as  out l i ned by Page and Smi th ( 1 97 0 )  and W i n n ( 1 958 ) . 
More s pec i f i ca l l y ,  P.  tanasi mi ght  be c l a s s i fi ed a s  a se l ect i ve 
forager . W i t h i n a g i ven col l ect i on of  s na i l  darters , d i et wa s qu i te 
s i mi l ar i n  compo s i t i on , regardl e s s  of  the fact that i nd i v i dua l s were 
col l ected from vari o u s  parts of the hab i ta t .  Th i s  i nd i cated that a 
degree of se l ect i v i ty was i n  effec t i n  the face  of  d i fferences  i n  l oca l  
a bundance o f  prey i tems . There are i nd i cati ons  that th i s se l ecti v i ty 
c hanged on l y  on a seasonal  bas i s  a s  w i l l  be d i s cu s s ed l ater . 
I n  contra s t , a s soc i a ted s pec i es appeared to be muc h  more o ppor­
tun i s t i c  and cou l d best be c l a s s i f i ed as  o pportun i s t i c foragers based 
on  observa t i ons  that pri nc i pal  d i et con s t i tuents var ied  con s i derab l y  
between i nd i v i dua l s of  the same s pec i es wi th i n  a g i v en col l ect i on 
proba b l y  refl ect i ng l ocal  abu ndance of prey . Ba sed on  these  observat i on s , 
the more s el ect i ve P.  tanasi m i g h t  nece s sari l y  have to range farther 
than i ts a s s o c i a tes  to obta i n  a mea l ; the exten t  and  dura t i on of  the 
feed i ng foray be i ng ,  of cours e , d i ctated by rel at i ve abunda nce of pre ­
ferred food i tems . 
Feed i ng Hab i tat 
Al i mentary ana l ys i s  i nd i cated that P.  tanas i fed c h i ef ly  on 
organ i sms wh i c h were a s soc i ated w i th  the  commun i ty of c l ean c urrent- swept 
g ravel  s ub strates . Mos t  prey s pec i es were tho se  wh i ch c haracter i s t i ca l l y  
were a ttached to s tones i n  the gravel  s hoa l a reas  s uch  a s  s n a i l s  and 
caddi sf l i es .  
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The pa rt i c u l a r  feed i ng mi crohab i tat  of  the s na i l darter wa s further 
defi ned by the m i crod i s tri but i on of  common l y  cons umed prey i tems . A 
fa i r l y  deta i l ed knowl edge o f  d i s tri b ut i on  of occas i ona l  prey i tems , 
cadd i s fl y  l arvae of the genus  Hydropsyche , was ava i l ab l e due to obs erva­
t i on s  of  G .  A .  S chu ster ( pers comm ) . Two spec i e s  encountered i n  the  
d i et o f  P. tanasi , H. morosa and H.  venu laris ,  are commo n l y  assoc i ated 
wi th  sma l l er s ub s trate const i tuents s uch as  gravel . Nota b l y  absent  
from the d i et was a common L i t t l e Ten nes see hyd ropsyc h i d ,  H. sparna , wh i ch 
was common l y  a s soc i a ted w i th l arger roc ks . Th i s may i n d i cate a l ac k  of  
feed i ng  acti v i ty i n  areas of  more course  subs trate or  rubb l e .  There i s  
s ome pos s i b i l i ty ,  however , that were P.  tanasi feed i ng i n  areas of l arger 
s ub stra te , H. sparna m i g h t  not have been acces s i bl e .  
Other key prey i tems of the s na i l  darter ' s  d i et were the ga stro­
pods . Pleurocera canaliculata , common l y  a s soc i ated w i th a reas  of s l ower 
c urrent and vari ed s ub strate , was s e l dom encountered i n  s na i l  darters . 
On the  other hand , Anculosa subglobosa and Physa s p . , both common i n  
c urrent-swept gravel areas predomi nated i n  gut  samp l e s . 
A con s i dera b l e amount  of  ev i dence , i n c l ud i ng a l i men tary ana l yses  
a nd feed i ng observat i ons , i nd i cates that F .  tanasi feeds pr edom 1 nant ly  
on  or  nea r the  g ravel  s hoa l  h ab i ta t  i t  frequents the  mos t .  
Feedi ng Procedure 
The manner i n  wh i ch P.  tanasi obta i ns food  was u n i que and d i ffers 
con s i derab ly  from that of any of  i ts as soc i ates i n  the L i ttl e Tennessee  
R i ver . 
A typ i ca l  feed i ng foray wa s that observed on  October 1 3 ,  1 974 , and 
carefu l ly recorded i n  f i e l d notes . An adu l t  fema l e  s na i l darter was 
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encountered wh i l e  s norkel i ng a t  about 0 . 6  m depth over the gravel s ho a l  
a t  Coytee S pri ng . Current was s trong ( approx i ma te l y 0 . 5  m/sec ) , t i me 
was 1 23 0  hou rs , and  water temperature wa s 1 8° C .  
After f i r st  regard i ng her observer for perhaps a m i n ute , the s n a i l 
darter appeared to resume her 1 nterru pted feed i n g  foray . Ma i n ta i n i ng a 
more o r  l es s  r heotax i c  or i enta t i o n  throughout , s he fed i n  a sys temat i c 
ma nner , travers i ng a bout  1 to 2 meters from s i de to s i de and progre s s i ng 
ups tream i n  z i g-zag  fas h i o n . The manner  of progre s s  was very ha l ted , 
w i th l ong pa u ses  and very s hort da s he s . The pectora l , pel v i c , and ana l  
f i ns  were a pparent l y  u sed a s  bra c i ng o r  ancho r i ng  dev i ces wh i l e  the  
darter i ns pected the  s urface o f  s tones  for  food i tems . The down s tream 
faces of s tones were carefu l l y  s u rveyed for organ i sms wh i ch were i n  
a bundance there . Wh i l e  res t i ng beh i nd a s tone , the s na i l darter wou l d  
carefu l l y  i ns pect  i nd i v i dua l  organ i sms by s l i gh t  turn i ng o f  the head a nd 
ro l l i ng the eyes . I f  se l ected , the i tem was deft l y  s n apped up  by a 
q u i c k  s i dewi se  mot i on of the head and s l i g ht forward mo vemen t .  Cadd i s ­
f l i e s , i f  taken , were a l mo s t  a l ways extracted from the i r cases  rather 
than i ngested who l e a s  ev i denced by the scarc i ty of  case rema i ns i n  
s tomachs . Once the s u rvey of a pa rti cu l ar s tone was comp l eted , the  
s na i l  darter resumed u ps tream or  ob l i que  movement  i n  a ha l t i ng manner 
unt i l another s tone was encountered for i n specti on . I n  th i s  manner , the 
s na i l darter progres s ed a bout  4 m up stream i n  20 mi n utes . At the end 
o f  th i s  t i me ,  s he rel eased hers e l f to be carri ed down s tream , ha l t i ng a t  
t i mes and fac i ng o b l i q ue ly  downstream wi th caudal  f i n i nto the current 
u nt i l s he wa s near the s tart i n g  po i nt of the  i n i t i a l foray . She  then  
resumed feed i ng u ps tream aga i n  i n  a s i m i l a r manner . Whether  th i s  maneuver 
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wa s an  anoma l y  caused by the presence  of the observer o r  was common  to 
the behav i ora l reperto i re i s  not u nders tood . I n  o ther i n s ta nces , s na i l 
darters were observed to feed i n  a cont i nual  upstream progres s i on 
throughout the observat i on . Though P. tanasi i s  not part i cu l ar l y  
a s soc i ated w i th vegetati on , occas i ona l  s trands  of  a l gae  o r  Podostemum 
were encountered i n  habi tat area s , and s na i l  da rters were observed to 
i ns pect  th i s  vegetat i on  and p l u c k  organ i sms from i t  on  a few occa s i on s . 
Aqua r i um observa t i on s  genera l l y  corroborated feed i ng beha v i or seen 
i n  the  natura l hab i tat dur i ng the f i rst  wee ks afte r  acc l i mat i on . The 
man ner  of  feedi ng was q u i te s i m i l ar to that emp l oyed i n  ta k i ng natura l 
prey Hems a s  s na i l  darters sought  frozen b r i ne s h r i mp (Artemia ) wh i ch 
were p l aced i n  the tan k .  However ,  they q u i c k l y  abandoned the i r  benth i c  
beha v i or a fter a few weeks , ha s ten i ng to take food a t  the s u rface . 
U l ti ma tel y they fed qu i te reck l e s s l y  and wou l d even wre s t  food from the  
h uman hand . 
Da rter a s soc i a tes of  P .  tanasi were observed to feed i n  qu i te 
d i fferent manners . P. caprodes fed i n  a str i k i ng manner , o ften f l i pp i ng 
a nd overtu r n i ng s tones w i th i ts nose  i n  order to ga i n  access  to o rga n i sms 
benea th . After overturn i ng a s tone , P. caprodes i ns pected the under­
s u rface and p l u cked des i red food i tems before a pproac h i ng another s to ne . 
They were observed to a l s o feed on  organ i sms a ttached to the s ubs t rate 
s u rface i n  a manner  more s i mi l ar to that o f  P.  tanasi . S i mi l ar feedi ng 
behavi or has  been observed i n  other l og perchs , i nc l ud i ng P.  burtoni and  
P. caprodes carbonaria by the author and P.  rex by R .  E .  Jen k i n s  ( pers 
comm ) . The other a s soci ated darter , P .  evides , was observed to fol l ow 
P. caprodes on  occa s i on and c l ean tho s e  i tems m i s s ed by the l og perch  i n  
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the i r  feed i ng endea vors beneath  stones . U s ua l l y ,  however , P. evides fed 
a l one i n  a manner somewhat  s i mi l ar to the sna i l darter but cover i ng the  
s ubs tra te much more rapi d l y  and sw i mmi n g  a l i ttl e a bove the s u bs trate 
much  of  the t i me .  
The th i rd pri nc i pa l  s na i l darter a s soc i ate , Cottus caroZinae , 
a ppeared pr i mar i l y  to empl oy ambush  or sta l k i ng tact i cs  i n  proc ur i n g  i ts 
food i tems . Though never observed actu a l l y  ta k i ng food , c. caroZinae 
wa s often s een l y i n g  mot i on l e s s  beneath s tones . I n  th i s  man ner , 
s cu l p i n s  mu s t  s urpri s e  and q u i c k l y  engu l f the l a rge  prey i tems wh i ch 
often a ppear i n  the d i et .  U n l i ke darters , s cu l p i n s  i ngested cadd i s f l y  
cases  who l e as  ev i denced by t h e  preponderance of  debr i s  i n  the g u t . The 
d i et wa s h i g h l y  vari ed , refl ect i ng opportun i s t i c  feed i ng on whatever 
unwary prey i tems they cou l d  obta i n .  
Feed i ng i n  these vari ed fas h i on s , the pr i nc i pa l  a s s oc i a tes  of  
the s na i l darter are qu i te d i vorced from P. tanasi • s  feed i ng n i che , a nd 
i nd i v i dua l  feed i ng behavi or i s  an  i mportant defi n i t i ve  a s pect  of that 
n i che . 
Temporal  Aspects  of  Feed i ng 
I t  was noted i n  Chapter I that care was taken to exc i s e  stomac h 
contents and  s egregate them from those  o f  the h i ndg u t . I t  was found 
i n  ear ly  d i s sect i on that s na i l darters reta i ned a l i ve for 24 hours or  
s o  genera l l y  defecated the ent i re contents of  the a l i mentary tract . 
W i th th i s rate of  vo i dance known , i t  wa s ass umed that any contents of  
the  h i ndgut  were cons umed wi th i n  the  24 hours j us t  pr i or to capture , and  
those  of the s tomach  i n  the l as t  few hours  before capture . Th i s  wa s 
further s u bs tan t i a ted by the l arge percentage of fre s h  und i gested 
orga n i sms i n  s tomach s . The rat i o  of  food orga n i sms i n  the s tomac h  
compared t o  t h e  h i ndgut ranged from 7 1  pe rcent t o  97 pe rcent on a 
seasona l  bas i s .  As a l l co l l ect i on s  were obta i ned between the mi d-day 
hours  of  1 000 and 1 400 , i t  was ev i dent that feed i ng had ta ken p l ace i n  
the dayl i g ht hours , and h i ndgut con ten ts  appea red to be rema i ns from 
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the prev i ou s  afternoon ' s  feed i ng . Thus , feed i ng probab l y  occurred 
per i od i ca l l y  throughout the dayl i g ht hours c l a s s i fy i ng  the s na i l darter 
as a d i urna l feeder . A number of  m i d -day feed i ng observa t i o n s  s eemed to 
prec l ude any pos s i b i l i t i es of  s t r i c t l y  crepu s c u l ar  or morn i ng-afternoon 
feed i ng pattern s .  
D i urna l feed i ng was ev i dent i n  stud i es made  on other members of 
Percina by Thomas ( 1 97 0 ) . Many sna i l darters observed d ur i ng dayt i me 
hours were not feed i ng , even though they were g i ven a w i de berth to 
l es s en the c hances  of  fr i g ht and d i s tu rbance of natura l act i v i ty .  
Therefore , i t  wa s a s s umed that feed i ng was a per i od i c  phenomenon i n ter­
s persed by per i ods  of  i nact i v i ty .  
As noted i n  Cha pter V ,  s ca l e  s tud i es of P .  tanasi i nd i cated that 
there may have been ces sat i on or  reduct i o n of  feed i ng dur i ng t 1 mes ot  
exces s i ve fl ood i ng . Th i s cou l d  have  been due  to  d 1 ff i cu l t i es i n  l ocat­
i ng food becau s e  of  extreme tu rb i d i ty .  Other causes may have been d i s ­
p l acement o f  s na i l da rters  from the feed i ng hab i tat o r  u n u s ua l  tempera ture 
c hanges . 
Se l ect i v i ty vers u s  Ava i l ab i l i ty 
Upon i n i t i a l exami nat i on of d i etary data , domi nance of  ce rta i n  
food i tems i n  the d i ets  of P. tanasi and i ts a s soc i a tes  i nd i cate that 
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e i ther h i g h  degrees  of s e l ecti v i ty are be i ng emp l oyed or ava i l ab i l i ty 
i s  a s trong govern i ng fac tor  i n  determi n i ng thei r respecti ve d i et s . 
Page and Smi th ( 1 970 , 1 97 1 ) conc l uded that rel a t i ve  ava 1 l a b i l i ty 
of  prey s pec i es governed the d i ets  of P .  sciera and P.  phoxocephala , 
respecti vel y .  Thoma s  ( 1 970 ) , however , offered e v i dence that some 
s e l ecti ve feed i n g d i d  occur s i nce  certa i n  organ i sms seemed to be a vo i ded 
by P. maculata and P.  phoxocepha la ( e l mi d  beetl es , p l ecopteran s ) .  B ut , 
t h i s s eemed to be a mi s i n terpretat 1 on of  res u l ts , however , s 1 nce these  
prey i tems l i v e  c h i efl y beneat h  s tones and are hence e s sent i a l l y  un­
avai l ab l e to these  darters . The th i rd spec i es con s i dered by Thoma s , 
P.  caprodes , feeds beneath s tones  and , a s  m 1 ght  be expected , e l mi ds and 
p l ecopterans  were present i n  the d i et tabu l a t i on s . Fahy ( 1 954 ) con-
s i dered the d i et compos i t i on of Etheostoma blenniodes a l so  to be  a 
func t i on of avai l a b i l i ty .  
I n  o rder to ascerta i n  the po s s i b i l i t i e s  of s e l ecti v i ty be i ng 
exerc i sed i n  P.  tanasi or i t s as soc i ates , i t  was neces sary to ana l yze 
the  res pect i ve d i et compos i t i on s  in  l i g ht  of avai l ab i l i ty .  I v l ev ( 1 96 1 ) 
d i scus sed s e l ect i v i ty at  great l ength  and expre s s ed a formu l a  whereby 
i nd i ces of e l ect i v i ty ( s el ect 1 v i ty ) cou l d  be rea l i zed by the rat i o  of 
the proporti on of a g i ven  food i tem i n  the  d i et ( rat i o n )  to the propor-
t i on avai l a b l e i n  the env i ronmen t .  The re l at i ons h i p was expres sed as 
fal l ows : 
E "' 
( r . - p . )  1 1 
( r . + p .  
1 1 
where E represents  e l ecti v i ty ,  r i rel at i ve amount  of  a g i ven food i tem 
i n  the  d i et , and P ;  the propo rt i o n  avai l a b l e .  I vl ev pub l i s hed a 
nomogram to fac i l i ta te computat i ons , and the res u l ts o f  th i s  ana l ys i s 
a ppl i ed to the  1 0  mos t  common prey i tems of the s na i l darter and 
a s soc i ated darter s pec i es appears i n  Tab l e 5 ,  based on 6 mon th s  of 
ava i l ab i l i ty data . E l ec t i v i ty va l ues  range from - 1  to +1 , and the 
h i gher the E val ue , the h i g her  the degree of s e l ect i v i ty exerc i s ed .  
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Th i s  a na l ys i s  i s ,  however , compl i cated by the rel a t i ve acces s i ­
b i l i t i es o f  certa i n  prey i tems even though they were seem i n g l y  ava i l ab l e 
ba sed on benth i c  s ampl i ng data . The beha v i or of  prey i tems a s  wel l a s  
feed i ng behav i or and  capa b i l i t i es o f  t h e  predator determi ne th i s .  Many 
prey i tems i n  Tab l e  5 were mos t  common beneath s tones a nd , thus , mos t  
acces s i b l e  to P. capPodes and C .  caPo �inae . The bes t  compari son , 
therefore , was between P. tanasi and P .  evides , ne i ther of  wh i ch fed 
benea th s tones . Con s i der i ng fi r s t  P. tanasi , i t  i s  ev i dent from i ns pec­
t i on of  Tab l e  5 that  rel at i ve l y  h i gh e l ect i v i ty va l ues  occurred 
i n  each of the s amp l e per i ods  for the gastropods Ancu�osa and for Physa 
duri ng  two peri ods . Some se l ec t i on for Glossosoma wa s i nd i cated i n  the  
s pri ng  d i et , but  va l ues  for a l l other  prey i tems were l ow o r  negat i ve 
i mp l i cat i ng i nacces s i b i l i ty or  actual  avo i dance of  ava i l a b l e orga n i sms . 
However , c h i ronom i d s  were c l earl y ava i l ab l e  a s  i nd i cated by the d i et of  
P.  evides , a l though they were a l mo s t  ent i re l y  avo i ded by P.  tanasi . 
P. evides , on the other hand , tabu l ated rel ati ve l y  l ow val ues  of 
e l ect i v i ty for c h i ronom i d s  and s howed h i gh s e l ect i v i ty ,  o n l y  for s imu l i i ds 
i n  ear l y  s ummer . Other i tems had mos t l y  negat i ve val ues  wh i ch were 
Tab l !!  5 .  E l ec t l v l ty V � l ues ( £ )  ( E xpressed l n  Hundred t h s )  for 1 0  Pred 0"1 l n a n t  Prey l te,.s Based on 
fo'onogram ( ! v l ev ,  1 96 1 ) Cons i d e r i ng Propo rt i on of ! te-n Ava i l ab l e  ( P i )  a nd Ra t l on ( r l ) 1 n  
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probabl y attr i butab l e to i nacces s i b i l i ty ,  thu s , s ugge s t i ng  that P. evides ' 
d i et was governed l arge l y  by ava i l ab i l i ty .  P .  caprodes and c .  caro l inae , 
wi t h  the fu l l  range of  food i tems ava i l abl e to them , s howed l i tt l e 
s e l ect i v i ty ,  a l though  P. caprodes po s s i b l y  exh i b i ted some preference for 
s i mu l i i ds  i n  the s pr i ng d i et and po s s i b l y  Hydropsyche and Glossosoma i n  
the earl y summer . Large l y ,  however , E va l ues i nd i cated that the d i ets 
o f  these two s na i l  darter a s so c i ates were a l s o  governed by ava i l a b i l i ty .  
Oddl y ,  the mos t  abu ndant prey i tem i n  the ri ver i n  w i n ter and s pr i n g  wa s 
Brachycentrus ,  and i ts u s e  was not nea r l y  proport i ona l to i ts abundance 
i nd i ca t i ng avo i dance by a l l s pec i es  s tud i ed .  I t  may be pos s i b l e  that the 
br i s t l ed case serves as an effect i ve deterrent  to predat i on . 
Con s i der i ng both the e l ecti v i ty study and the overa l l ann ua l  d i et ,  
i t  wa s appa rent that P.  tanasi exerc i s ed except i ona l l y  h i g h s e l ecti v i ty 
throughout  the year rel at i ve to i ts a s soc i ates , s pec i a l i z i ng pr imar i l y 
on  gas tropods . The d i ets  of a s s o c i ated s pec i es were governed to a much 
h i gher  degree by ava i l ab i l i ty of prey i tems wh i c h c l a s s i fi ed them l argel y 
a s  opportun i st i c .  Al though Thomas ( 1 97 0 )  found  no gas tropods i n  the  d i et 
o f  P. shumardi from I l l i no i s ,  they have been exc i s ed from s pec imens from 
the Buffa l o  R i ver , Tenne s s ee , a s  we l l as  from P.  ouachitae . Al l members 
of  the s u bgenus  Imostoma may have a pred i l ec t i o n  fo r s pec i a l i zat i on on a 
gastropod d i et where these i tems are ava i l ab l e .  
Se l ect i on of prey s i ze may a l so be a character i s t i c s na i l  darter 
trai t .  Mouth  s i ze proba b l y  restr i cts  the max i mum d i ameter o f  gastropods 
cons umed by P.  tanasi to l i tt l e more than 5 mm , and a fu l l  s i ze range 
from 1 to 5 mm occurred i n  the d i et .  F i gure 2 1  s howed a pos i t i ve re­
l at i ons h i p between s i zes o f  prey con s umed ( s he l l d i ameter ) and s tandard 
3.0 
Average 
Shel l  
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Sta ndard Leng t h  lmm) 
F i g ure 2 1 . Average prey s i ze ( gastropod s he l l d i ameters ) of 
d i fferent  s i ze c l a s ses of Perci na tanas i .  
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l ength . On i n s pecti on of raw data , however , i t  i s  ev i dent th i s re l at i on­
s h i p  wa s ca u s ed by a h i gh occurrence of  4 to 5 mm s he l l s  i n  the d i et of 
l a rger i nd i v i dua l s but  not by the absence of sma l l er prey i n  these  same 
i nd i v i dual s .  S i nce an abundance of smal l er prey wa s a l so  presen t  i n  
l arger sna i l darters , i t  seems c l ear that mo rpho l o g i ca l  res tr i ct i ons  
rather than  se l ect i v i ty mus t  be  govern i ng the  s i ze of prey i tems con­
s umed by the var i o u s  l ength c l a s ses  of s na i l darters . E l ongate prey 
i tems , s uch  a s  i n sects , were cons umed i n  random fa s h i on wi th  respect to 
s i ze by a l l l ength  c l a s s es exami ned , and prey i tems up to 1 0  mm i n  
l ength were no t uncommon i n  the d i et .  Therefore , prey s i ze se l eGti v i ty 
may be  mi n i ma l  or  nonex i s tent . 
Potent i a l  for Competi t i on 
Weather l y  ( 1 972 ) proposed a seemi ng ly  s ound  and appl i cab l e 
defi n i t i on  o f  compet i t i o n : 1 1The s tate ex i st i ng between a n i ma 1 s s ec ur i ng 
s uppl i es of  the s ame resource from one reg i on of an  env i ronment , re­
s u l t i ng i n  an  i nteract i o n  that produces some actua l l y or  i nc i p i en t l y  
de l eter i ous  effect on o n e  or  each of  t h e  an i ma l s i nvo l ved . 1 1  Care ha s  
been exerc i sed throughout  th i s wor k  to  refer to  cohab i tan ts o f  t he  s na i l  
darter as  1 1 a s s o c i  a ted s pec i es 1 1  rather than competi tors . Th us , i mp 1 i ca­
t i on of the ex i stence of a s tate of compet i t i on for food o r  other 
resources i n  the L i ttl e Tennes see was refrai ned from unt i l the po tent i a l  
cou l d  b e  ana l yzed . Hav i ng at  ha nd ava i l a b i l i ty data o n  prey o rga n i sm  
dens i ty and b i omas s  from a 6 -month  per i od (Tabl e 6 ) and o ver con s ump t i o n  
f i g ures  for P .  tanasi (Tab l e 4 ,  page 89 ) , a crude a na l ys i s  of compet i t i on 
potent i a l  i s  fac i l i tated . 
Tab l e  6 .  Ave rage Ava i l ab l e B i oma s s  per m2 for 1 0  Pr i n c i pal  Da rter Prey I tems From Grave l  S hoa l 
Hab i tat , L i tt l e Tenne s s ee R i ver 
No . o f  SampTes - - - - - - - - - - - - - - -- - - - - - - - - - - - - -TS 
- - -- -
1 1  1 5 
Mean Wt . Per Ear l� W i nter Earl y S pr i ng Ear l y Summe r 
Prey I tem Organ i sm ( mg )  No . S . D .  mg No . S . D .  mg No . S . D .  mg 
Anculosa 3 . 3  1 5 . 4 1 7 . 2  50 . 8  1 4 . 2  1 6 . 4  46 . 8  20 . 6  3 0 . 8  6 1 . 9  
Physa 3 . 3  3 . 7  4 . 8  9 . 9  . 3 . 6  . 9  1 . 0 3 . 5  3 . 3  
Brachycentrus 1 3 .  1 44 . 8  4 1 . 9  586 . 8  66 . 6  7 3 . 1  872 . 4  1 . 6 3 . 0 20 . 9  
Hydropsyche 1 4 . 9  3 . 7  7 . 3  55 . 1  1 . 3 1 . 9 1 9 . 3  1 . 1 1 . 9 1 6 . 4  
Glossosoma 1 . 7 2 . 0  2 . 7  3 . 4  1 . 6 1 . 0 2 . 7  1 0 . 3  1 2 . 2  1 7 . 5 
Lepidostoma . 5 2 . 0  3 . 8  1 . 0 9 . 3  1 1  . 6  4 . 6  1 6 . 0  1 6 . 6  8 . 0  
EphemereZ Za 1 3 . 9  . 9 1 . 7 1 3 . 0  4 . 8 4 . 1  6 7 . 2  4 . 3  5 . 9  60 . 2  
Stenonema 1 4 . 0  5 . 4  1 1 . 3  7 5 . 6  . 4  1 . 2 6 . 3  2 .  1 3 . 0  29 . 4  
Simul ium . 4  - - - - - - - - - - - - - - - - - - 1 . 7 3 . 9  . 7 
C h i ronomi d . 4  3 7 . 1  52 . 0  1 4 . 8 55 . 2  5 5 . 2  22 . 0  83 . 3  1 23 . 3  33 . 3  
Tota l s 8 1 0 . 4  1 042 . 2  257 . 6  
Average Overa l l B i omas s/m2 7 03 . 3  
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Before d i s c u s s i on o f  factors wh i ch comp l i cated ana l ys i s  of  com-
peti t i on i s  offered , a gros s l y  s i mpl e anal ys i s  can be made to prov i de a 
ba s i s  of  d i s cu s s i on .  Based on  popu l at i on e st ima tes , dens i ty of  s na i l 
darters was 6 . 6  i nd/1 00 m2 i n  the o pt i ma l  ha b i ta t .  Though  no deta i l ed 
s tudy was conducted on den s i ty of  a s s oc i ated s pec i es , i t  was i n ferabl e  
from col l ect i o n  efforts and f i e l d o bservat i on s  that the  three pri nc i pa l  
ones occurred i n  roug h l y  equa l n umbers to P. tanasi o n  an  annua l  bas i s , 
though sna i l  darters were per i od i ca l l y  more den s e . Thus , a n  average 
popu l at i on  est i ma te of a bout  25  to 26  i nd/ 1 00 m2 was a s certai ned for the  
four  s pec i e s  comb i ned . Wi th the except i on o f  fa l l , average  da i l y b i omas s  
i n ta ke a ppeared to b e  roug h l y  s i mi l ar for a l l s pec i es i nvo l ved except 
l arger s cu l p i n s . These , however , mos t  often occurred i n  areas of  more 
coarse s ubstrate wh i c h  were peri phera l to the m i c rohab i tat  be i ng 
ana l yzed . 
Putt i ng a s i de momen tar i l y  d i fferences  i n  access i b i l i ty ,  the 
average prey b i omas s  ava i l ab l e ( predom i nant prey i tems ) was 703 . 3  mg/m2 
based on w i nter- spr i ng benth i c  data ( Tab l e 6 )  from the  g ravel  s hoa l 
m i crohab i ta t . P .  tanasi ' s  average da i l y  i nta ke was 49 . 2  mg based on  
annua l  d i et data ( Tab l e 4 ,  page 89 ) , and a conservat i v e  e s t i mate was 
that a s soc i a tes  too requ i red approx i mate ly  50  mg/day . Therefo re , about  
1 , 250  mg/day were requ i red to ma i nta i n  the 2 5  or  so  i nd i v i dua l s i n  a 
1 00 m2 area on  a g i ven  day . They cou l d  have been s usta i ned at  fu l l 
rat i o n  for 56 . 2  days by the food s upp ly  a va i l ab l e wi th i n  that area 
( 70 , 330 mg ) a s s um i n g  no rep l en i s hmen t . Based on  th i s  s i mp l e  model , i t  
was c l ear that compet i t i ve exc l u s i on or  d i et reduct i on of  a l l spe c i e s  
i n vo l ved wou l d  have occurred wi t h i n 3 months  i f  other factors were 
not i nvol ved . 
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F i s h  den s i ty was observa b l y  l ow i n  the L i tt l e Tennes see rel ati ve 
to mos t  other r i vers , but prey dens i ty seemed compara b l e to other 
s treams . How then cou l d  there have been competi t i on between the s na i l  
darter and a s soc i ates when the competi t i on poten t i a l was o bv i ou s l y  much  
g reater in  other r i vers s u pport i ng muc h l arger f i s h  po pu l at i ons?  
The  a nswer mus t  be  i n  factors  wh i ch i n fl uence the true  avai l a b i l i ty 
o f  food i tems  to the s na i l darter and i ts a s soc i ates . These , wh i l e  com­
p l i cat i ng the mode l , were a pparent l y  res pon s i bl e  for a l l ow i ng  coex i s tence . 
F i rs t  of  a l l ,  producti on of vari o u s  prey i tems wou l d  have been h i g h l y  
d i fferent i a l . Many prey orga n i sms wou l d  have undergone a l most  con t i n u a l  
repl en i s hmen t  on a s h ort- term ba s i s ,  wh i l e  othe rs by a n d  l a rge have on l y  
annua l  repl acemen t  cyc l e s . Based o n  benth i c  data and l i fe h i story i n ­
formati on ,  prey i tems fa l l i ng i nto the f i r st  g roup  wo u l d have been 
gastropods and many d i pteran s , wh i l e  tri chopterans  a nd ephemeropterans  
were bas i ca l l y  annua l s .  Peri od i c  benth i c  s ampl i ng i nd i cated a rea sonab l y  
constant i n fl ux  o f  young  s na i l s  a nd  c h i ronomi ds . These resources  
a ppeared to  be repl en i s hed rather constant ly  a s  ev i den ced by  con-
s i s tency i n  ben t h i c sampl es ; therefore , about 1 2  percent o f  the b i omas s  
was bei ng rep l aced o n  a s hort-term bas i s . Al though th i s  wo u l d have con ­
tri buted a s u b s ta nt i a l  amount  to the carry i ng capac i ty of  the hab i ta t , 
i t  cou l d hard l y  have accounted for the a pparent  over abundance of food 
i tems wh i ch ex i s ted there . 
I n  addi t i on to part i a l repl en i s hment , s u pp l emental  food s ou rces  
for  one  or more s pec i es i nvol ved must  have  p l ayed a rol e i n  creati ng 
the  apparent s u rp l u s  carry 1 ng  capac i ty of the L i tt l e Tennessee grave l 
s hoa l  hab i tat . Wherea s the dens i ty of  sna i l darters and pro babl y 
P. evides was greatest  i n  the gravel s hoa l  hab i ta t ; the other two 
a s soc i ates , c. carol inae and P. caprodes , were o b served to frequent 
a var i ety of  other hab i tats . Th u s , forag i ng w i d e l y  fo r the i r food , 
pres s u re from these two s pec i e s  on the grave l s hoa l food s u pp l y  wou l d 
have been con s i derab ly  l es sened . 
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Another potent i a l  source of  s u pp l ementa l food was i nc om i ng  dri ft 
from per i pheral habi tats ups tream . Hyne s  ( 1 970 ) c i ted s evera l s tud i es 
i n  wh i c h tremendous n umber s  of i nvertebra te o rgan i sms were found to 
dr i ft through  a g i ven hab i tat i n  a s hort t ime . Whether th i s  wou l d have 
contri buted s i g n i fi cant ly  to the benthos i n  swi fter s hoa l  areas  i s  
q ues t i onabl e ,  and i t  may even have a negat i v e  effec t , redu c i n g  the fa una 
i n  swi fter area s . 
Added to the  a bove fac tors , the s peci a l i za t i o n , d i fferences i n  
acces s i b i l i ty ,  and  parti t i o n i ng  of  food that occurs  between the s na i l 
darter and i ts a s so c i a tes  mus t  further l es sen the potenti a l  of  compet i ­
t i on a t  present  popu l at i on dens i t i es . The s na i l da rte r ' s  s pec i a l i za t i o n  
on  gas tropods a n d  t h e  apparent  avo i dance o f  th i s prey i tem by other 
s pec i es creates a d i etary reg i me l i tt l e  encroached on by a s s o c i a te s . 
Therefore , ba sed on  th i s ana l ys i s  and the ev i dence o f  foo d  s u rpl u s es , 
i t  seems a va l i d  conc l u s i on that food competi t i on  i s  not  a l i m i t i ng 
factor to the  present-day po pu l at i on of  P .  tanasi or i ts compan i on 
s pec i es . 
To put  compet i t i on i nto the proper perspect i ve , i t  wou l d  be 
nece s sary to know cond i t i on s  wh i c h ex i s ted pr ior  to i mpoundment  of  the 
L i tt l e Tennes s ee R i ver . I f  ex i s t i ng l i m i ta t i o n s  act i ng  on f i s h  dens i ty 
are a funct i o n  of  phys i ca l  factors  of the ta i l water reg i me as  they seem , 
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then i t  i s  rea sonab l e  to a s s ume that f i s h  dens i ty wa s cons i derab l y  
greater i n  pre i mpoundment days . Food compet i t i o n  may then have been 
one  o f  the s everal  natural  l i m i t i ng factors to the s na i l  darter popu l a­
t i o n . 
Food Web 
The food web of the l ower L i ttl e Tennes see R i ve r  g ravel  s hoal  
areas m i ght  have been con s i dered a rather s i mpl e one  i n  l i g h t  of the 
re l at i ve l y  l ow s pe c i es di vers i ty .  Con s i deri ng  o n l y  the s na i l darter and 
i ts three pri nc i pa l  a s soc i a te s , a l ong w i th the mos t  common l y  cons umed 
prey i tems , a food web scheme as dep i cted i n  Fi gure 22 became ev i den t . 
P.  tanasi and i ts compan i on s pec i e s wou l d  have cons t i tuted a h i gh 
percentage of  predators wi t h i n the gravel -sand  port i on s  of the h a b i tat 
u nder cons i der at i on . 
The s na i l  darter cou l d be  co n s i dered s tr i c tl y a f i rst  l evel  
carn i vore . Al l i ts prey i tems , g a stropod or i n sect , were a l ga l  feeders 
or  detr i t i vores . The same wa s l a rgel y  true of  i ts darter a s s oc i a tes , 
P. caprodes and  P.  evides , though  P.  caprodes d i d  prey upon predaceo u s  
s tonefl i e s  t o  some extent , ma k i ng i t  a s econd l evel  carn i vore to a sma l l 
degree . Cottus caro linae consumed con s i derab l y mor e  p l ecopterans  and 
an  occas i ona l fi s h  a l l oca t i ng them to mu l t i p l e  f 1 r st , second , and th i rd 
l evel  pos i t i on s  i n  the web .  
Rel at i ve w idth  of connect i ve s  between the  sna i l darter and i ts 
food s ources i n  F i gure 22 ba s ed on overa l l annual  cons umpti on fi gures and 
the d i s t i nct i ve food n i che of  the s na i l  darter becomes v i v i d l y  c l ear 
u pon exam i nat i on of  these sources i n  l i g h t  of  the total  food comp l ex of  
Pe:ci'12 tanasi 
at tached a lga l product ion 
d ia toms, 
dr i f t ing organ ic 
material 
Cott us carol inae 
benth ic  de t r i tus  
F i g u re 22 . Food we b of L i t t l e Ten nes see R i ver gravel  s ho a l  hab i ta t cons i der i ng  Pel'c'i-r�Zx tamsi 
and i ts three pr i nc i pa l  a s soci a ted f i s h  spec i e s . Wi dths  of connec ti ves to P .  tamwi re fl ect  re l a t i ve 
co n tr i b u t i o n s  of prey i tems to i t s d i e  . Food sources of  i n vertebra te s  a re based  l a rge l y  o n  
Pen n a k  ( 1 953 ) . 
()) 
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i ts hab i tat . Al though  po s i t i oned on the f i r s t  carn i vore l evel a l ong 
w i th s evera l of  i ts a s soc i ates , P .  tanasi 1 s  s pec i a l i zat i on on  gas tropods 
p l aces i t  i n  a rel at i vel y remote pos i t i on wi t h i n the web . The re l a t i ve 
pos i t i on of o ther Imostoma i n  the i r  res pect i ve hab i tats i s  proba b l y  q u i te 
s i mi l ar where ava i l ab i l i ty of  preferred food i tems permi ts . 
CHAPTER  V I I I  
PREDATI ON AND PARAS I T I SM 
Predati on on adu l t s na i l darters may wel l be an  i ns i gn i fi cant  
contri but i on to  morta l i ty under ex i s t i n g  cond i t i on s . As s ta ted i n  
Chapter I I I , l arge potent i a l  predatory s pec i es known to occur  i n  the 
L i ttl e Tennes see  R i ver are Sa lmo trut ta , s.  gairdneri , Morone chrysops , 
Stizostedion canadense , and S.  vitreum , a s  we l l  a s  pos s i b l y  Micropterus 
s pec i es . Pfi tzer ( 1 954 ) descr i bed the  tremendous  i n fl u x  o f  warm water 
fi s h  s pec i es wh i c h occurred i n  the l ower L i ttl e Tennes s ee pri o r  to the 
c reat i on of  C h i l howee tai l water . Morone and Stizostedion were q u i te 
a bundant and may have been formi dab l e predators w i th i n  the s na i l darter 1 s  
habi tat before a l tera t i on of  the temperature reg i me .  Present l y ,  except 
for s easona l  mi grat i ons , wh i te bas s  (Morone ) and  sauger  (Stizostedion ) 
are fa r from a bundant i n  port i o n s  of the r i ver conta i n i ng the maj ori ty 
of  the s na i l darter hab i tat , and wa l l eye (s. vitreum ) are q u i te rare 
i n  the sys tem . 
The brown trout  (Salmo tru tta ) has  been known to cons ume s c u l p i n s  
( D i neen , 1 95 1 ; Tebo , 1 963 ) a n d  pres uma b l y  wou l d take a s na i l darter i f  
the  opportun i ty presented i tse l f .  However , trout  occur pri ma r i l y  
upstream o f  s na i l  darter hab i tat and , thus , are proba b l y  o f  l i tt l e 
conseq uence . 
Camouf l ag i ng  dorsa l  pattern s , ben th i c  ha b i ts , and burrowi ng 
behav i or of  s na i l darters probab l y  render them nea r l y  i nacces s i b l e to 
mos t  potenti a l  l arge predators wh i c h mi ght  forage i n  the s ha l l ower s hoa l  
1 1 8 
1 1 9 
area s . Perhaps the mos t  effect i ve predators on  adu l t s na i l darters may 
be s cu l pi n s . Scu l p i n s  are known predators on other sma l l fi s h  s pec i es 
( Ba i l ey ,  1 952 ; Da i ber , 1 956 ) and may , by v i rtue of  a l arge mouth , 
engu l f  prey a l mo s t  a s  l arge a s  themse l ves . Fu rther , the rema i ns o f  an  
adu l t s na i l darter were exc i sed from the s tomach  of  a l arge s pec i men 
o f  Cottus caro linae . The ambu s h  tact i c s  of s c u l  p i n s  wau l d render the 
pas s i ve defenses  of  the s na i l darter i neffect i ve ,  a nd encounters between 
these two s pec i es may occas i ona l l y  resu l t  in the demi s e  of a s na i l da rter . 
I t  wou l d  seem that predat i on on adu l t s na i l darters wou l d  be 
rel a t i ve l y  i n s i gn i fi cant ba sed on the a bove d i s c us s i on . Yet , the 
mechan i sms whereby the rel at i ve l y  h i gh morta l i ty between l s t and 2nd year 
c l a s ses  wa s a ch i eved has  to be quest i oned .  Perhaps per i od i ca l l y  i n  
the i r  adu l t l i fe s na i l darters are more s u scepti b l e to preda t i o n . Th i s  
may occur dur i ng mi grat i ons  through  deeper wa ter hab i tats where l arge 
predators a re more preva l en t , and the s na i l darter ' s  pas s i ve defenses 
are l es s  effec t i ve . 
Predat i on doubt l es s  i s  extreme l y  h i gh on the younger s tages of  
the  s na i l darter . Probab l e  s na i l darter eggs were removed from the  
s tomachs  o f  adu l t  s na i l darters , s o  they are i n  a sense  cann i ba l i s t i c .  
F i s h  eggs  are cons umed by a l l a s soc i ates o f  the  s na i l darter , and un­
doubted l y  l a rge n umbers of  P. tanasi eggs  are consumed dur i ng  the pro ­
l onged prehatc h i ng  per i od . Even more pro l onged i s  the ear l y  deve l opmen t  
p h a s e  of  the  l arvae , wh i ch ev i dent ly  dri ft great d i s tances . Dri ft i ng 
l arvae wou l d be h i g h l y  vu l nerab l e  to a ny smal l f i s h  s pec i es , and the  
s pecu l a ted s em i - p l an kton i c  l arva l hab i ts wou l d  further i ncrease  t h i s 
v u l nerabi l i ty .  Certa i nl y  a l arge percentage o f  s na i l darters mus t  be 
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l os t  before undergo i ng trans format i on and return i ng to the  rel ati ve 
safety of the s u b s trate , and more are doubtl e s s  l os t  to predati on before 
mi grat i ng to the  shoa l  area . 
Sna i l darters were re l at i ve l y  free of detectab l e macropara s i tes . 
A few l eeches  ( Piscico laria reducta ) were removed from f i n s  but were 
present on l es s  than 3 percent of the s pec imens  exam i ned . Nematode 
para s i tes were common to abundant i n  a l i mentary tracts of a l l a s soc i a ted 
s pec i es but s u rpri s i n g l y  were never present  i n  s na i l  darter s tomachs . 
Further , exami nat i on of g i l l s  on severa l s pec i mens  fa i l ed to revea l any 
para s i t i sm .  Al l s pec i es exami ned from the L i tt l e  Tenn es see R i ver appea red 
to be free of the metacercar i a  of trema tode s tri geo i d  paras i tes often 
encountered on f i s hes  from other r i vers . 
I t  i s  d i ff i c u l t to s pecu l ate whether the apparent l ow rate of  
para s i t i sm enjoyed by P. tanasi i s  a l ong  s tand i n9 natu ra l s i tuat i on . 
I t  seems q u i te conce i vab l e that the co l d tai l water reg i me of the l ower 
L i ttl e Tennessee may not be h 1 g h l y  conduc i ve to pa ras 1 t i sm ,  thereby re­
duci ng  i n fes ta t i o n s  be l ow l evel s of  many o ther s treams . 
CHAPTE R I X  
SUMMARY 
A 2 -year s tudy of the ecol ogy and l i fe h i s tory of the s na i l 
darter has revea l ed many i ntere s t i ng  fa cts concern i n g a s pects of i ts 
l i fe styl e and i nterrel ati on s h i ps  wi th  i ts env i ronment and three pri nc i pa l  
coha b i tants . Some o f  the fi nd i ngs  were ant i c i pated wh i l e  others were 
s urpr i s i ng and perhaps , at  f i rs t , e n i gmat i c .  
The s na i l darter was fo und to be primar i l y  a s pec i es o f  the 
benthos a s  are mos t  other darters , a l though at  some ea r l y  s tages i n  
thei r l i fe , they ev i dent ly  mi ght  have been con s i derab l y l es s  a s soc i ated 
w i th the s u b s trate . As wi th  other f i s h  s pec i es a s so c i ated wi th s trong 
c u rrent , they ma i nta i n  an  e s sent i a l l y  rheotax i c  or i entat i on whi ch , a l ong 
wi th morpho l og i ca l  adaptati ons , fac i l i tates  ex i s tence i n  the i r  tumu l -
tuous envi ronment . 
As w i th other members of  the genus  Percina , P.  tanasi exerc i s es  
l i tt l e or no terr i tori a l i ty ,  though  a pos s i b i l i ty ex i s t s  that  some 
mov i ng terri tory ma i ntenance occurs . Low popu l a t i on dens i t i es genera l l y  
d i d  not perm i t observat i ons  i nvol v i ng more than  one  i nd i v i du a l , thus , 
ma k i ng  s uch  a s s umpt i ons  d i ffi c u l t .  I nd i v i dua l s appeared to forage i n  
rather random manner throughout  the s hoa l  habi tat tho ugh  feed i ng was 
systemat i c on  a l oca l i zed ba s i s .  
As wi th many other fi s he s  adapted to l i fe i n  gravel r i ff l e area s , 
P.  tanasi has  evo l ved a pattern of protecti ve co l orat i on . A d i srupt i ve 
pattern o f  dors a l  sadd l es  cou p l ed wi th i ts ha b i t of  rema i n i ng mot i on­
l ess  i n  the face of a pproach  ma ke s na i l darters v i rtua l l y  i nv i s i b l e  
agai n s t  the s u bs trate . Added to th i s  i s  the ab i l i ty to a l ter  col or  
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patterns  accord i ng  to vari ous  bac kgrounds , and burrow i ng  behav i or wh i ch  
as s ures the  s na i l  darter a h i gh degree o f  pas s i ve defens e  aga i n s t  
predat i on .  Burrow i ng  behav i or  may a l so be an energy conservat i on 
meas u re . 
I nvest i gati ons  wi th i n  the l ower L i ttl e Tennes see  and adjacent 
Tennes s ee r i vers , coupled wi th numerous  co l l ect i o n  records from through­
out  the Tennes s ee dra i nage , i nd i cated that  the  enti re extant  range of 
the  s na i l darter was s i tuated wi t h i n the area of i nves ti ga t i on . The 
u pper extremi ty of  P. tanas i ' s  range i n  the L i tt l e Tennes s ee may be 
the s hoa l area at  Dav i s I s l and 24 km above the mou th , a l though  some 
marg i na l  hab i ta t exi s ts at Ros e  I s l and 3 km further ups tream . I t  
appears that the presence o r  absence  o f  s and-gravel  s u b s trate may def i ne  
the u pper d i s tr i b ut i on  l i m i t .  
A marg i n a l , probab l y nonreproduc i n g  popu l at i on i n  the  Tenne s s ee 
R 1 ver a bout  1 6  km bel ow the mouth  of  the L i tt l e Tennessee may represent  
the  l ower range  extrem i ty .  W i th i n  th i s macrohab i tat P.  tanasi i s  
u s ua l l y  mos t  c l ose l y a s so c i ated wi th the gravel  s hoa l  envi ronment . 
I t  a ppears that mos t  of  the adu l t l i fe of  the s na i l darter may be s pent  
i n  these  areas  wh i ch range from 0 . 3  m to near l y  2 m i n  depth a nd have 
c u rrent vel oc i t i es rang i ng from 0 . 25 to near l y  1 m/ sec . S ubstrate i n  
these  areas i s  typ i ca l l y  mi caceo u s  s and  wi t h  about 50  percent coverage  
of  coarse  gravel  swept re l at i ve l y  c l ean o f  s i l t . Four pr i n c i pal  areas 
of  the r i ver conta i ned mos t  o f  t h i s hab i ta t , i nc l ud i ng the rather deep 
s hoal  area be l ow Dav i s  Ferry , and s h a l l ower s hoa l s at  Coytee S pr i ng­
Tol l i ver I s l and , Morganton Ferry , and Davi s I s l and . Deeper i nterve n i ng  
port i ons  of  the  r i ver pro bab l y  p l ay i mportant ro l es a s  refu g i a  for 
ear l y  deve l opmen t  and probab l y  harbor a l ow percentage of the adu l t 
popu l a t i on a t  t i mes . The same may be true of  the adj acent Tennes see  
R i ver bel ow the mouth  of the L i tt l e Tennes see . 
Age and g rowth ana l yses  i nd i cate that the s na i l darter l i ves  
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but  a l i tt l e over 2 years reac h i ng sexua l  matur i ng  dur i ng the l s t yea r 
of  l i fe .  A s ta ndard l ength  o f  abo u t  55  mm to 60 mm i s  common l y  atta i ned 
i n  the  1 s t year and 2 -year-o l d s  may reac h  75  mm SL . I f  body l ength  
i s  chosen a s  a meas ure of growth , then s na i l darters exh i b i t  a rather 
typ i ca l  growth c urve . Growth i s  rap i d  dur i ng  the 1 s t year wi th about  
85  percent of  adu l t  s tandard l ength  atta i ned However ,  i f  one choose s  
t o  emp l oy t h e  l ength-wei g ht rel a t i o n s h i p as  a n  i ndex of  growth , the 
rate of  i ncrea s e  i s  a l most  a t  un i ty throughout the 2-year l i fe spa n . 
The growth of  ma l es exceeds that of  fema l es dur i ng the l s t yea r ,  averag­
i ng 3 percent greater s tandard l ength . However , duri ng  the  2nd year , 
fema l es atta i n  comparabl e l engths . Thi s growth pattern may be attr i ­
butab l e to g reater metabo l i c  demands  on the fema l es re l a ted to reproduc­
t i ve deve l opmen t .  
The d i s pers i on o f  s na i l darters w i th i n the 1 r ra nge i s  h i g h l y  
l oca l i zed wi th  respect to den s i ty .  Max i mum dens i ty apparent ly  i s  
atta i ned at  the Coytee Spri ng-To l l i ver I s l and area averag i ng 6 to 7 
i nd/1 00 m2 and ev i den t l y  even h i gher  den s i ti es are reached dur i ng 
the reproduct i ve peri od . Due to l oca l i zed aggregat i o n s  at  th i s  t i me , 
real den s i ty wou l d  be con s i derab l y  i n  excess  of  th i s  i n  sma l l areas . 
Be l ow Dav i s  Ferry compara b l e dens i t i es probab l y  ex i s t dur i ng  the l ate 
s pri n g  and summer on  the deeper s hoa l s  there , but many of the i nd i v i du a l s 
may m i gra te up stream dur i ng  the s pawn i ng s ea son . Progres s i ng ups tream , 
popu l at i o n  den s i t i es decreas e  dra s t i ca l l y  above To l l i ver  I s l and . The 
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Morganton Ferry a nd Dav i s I s l a nd popu l a t i on s  are much  l e s s  dense , averag­
i n g 1 to  4 i nd/ 1 00 m
2
. Downstream , den s i ti es were pro bab l y  q u i te h i gh 
i n  s ummer due to a preponderance of  young-of-the-year wh i ch dr i fted 
down as l arvae . 
There are s trong i nd i cat i ons  o f  mi grati on i n  s na i l darter popu l a-
t i ons . Rec i procat i ng  dens i t i es a t  s h a l l ow and deeper s hoa l area s 
suggest  movements  to s ha l l ow areas i n  response  to reproduct i on . Further , 
there i s  an  a pparent mas s  ups tream mi grat 1 on of young- of-the-year from 
deeper refug i a  downs tream fo l l owi ng ear l y  deve l opmen t .  Th i s  occurs 
duri ng  the ear l y s ummer months  wi th  i nd i v i dua l s return i ng to the s hoa l s 
a t  the age of  3 to 4 months  and about 35  to 40 mm S L . Some may rema i n  
downstream for a t i me ,  pers i st i ng i n  the Tennes s ee R i ver . 
The age compo s i ti on of th i s  s hort- l i ved s pec i es 1 s  rather s i mp l e .  
I t  appears that morta l i ty i s  rather h i gh duri ng the 2nd yea r o f  l i fe 
( a bout 80 percen t ) , and , thus , Age C l a s s  I I  i nd i v i dua l s compri se  but  
20  to  25  percent of the  popu l at i on . Though ava i l ab l e data i nd i ca ted a 
s ex  rat i o  domi nated by ma l es ,  1 t  i s  fe l t  that th i s  i s  an art i fact  of  
co l l ecti on t i me and  techn i que , and  that  the  true  r at i o  approaches 1 : 1 .  
Perhaps one  of the mos t  s u rpri s i ng d i s cover i es of the s tudy was 
the ear l y  s pawn i ng s ea son . Al though expected to s pawn i n  s pr i ng a s  mos t  
o ther darters do , s na i l darters were observed to atta i n h i gh nupt i a l  
cond i t i on duri ng the  fa l l . However ,  th i s  deve l opmen t  wa s unders tood 
when i t  became ev i dent  that s pawn i ng wa s o ccurri ng  i n  m i d -wi n ter . No 
thres ho l d  condi t i on cou l d be detected wh i c h may have been respon s i b l e  
for tri gger i ng s pawn i ng behav i or .  Water temperature was defi n i te l y  
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ru l ed out . Photope r i od may be respons i bl e ,  but  th i s  has  been ru l ed o u t  
i n  exper iments  on  other darters . A cyc l e  bas ed pri mar i l y  on  hormona l  
act i v i ti es a nd tri ggered by thresho l d  l eve l s may be i n vo l ved . Spawn i ng 
s eason  extends from earl y February to l ate Apri l .  
I t  became i ncreas i ng l y  obv i ou s  a s  the s tudy progres sed  that the 
s pawn i ng ha b i tat wa s the g ravel  s hoa l areas of the L i tt l e Tennes s ee 
R i ve r . Rel at i ve l y  heavy concentrat i ons  of  s na i l darters began a ppear i ng 
i n  the shoal  areas dur i ng wi nter , and aggrega t i o n s  and  s pawn i ng observa­
t i ons  i nd i cated that the s h a l l ower cu rrent-swept po rt i ons  of  the s hoa l s 
were serv i ng  a s  the s pawn i ng m i croha b i tat . Ma l es precede the fema l es 
to the s pawn i ng m i c rohabi tat , and the fema l es become more abundant a s  
t h e  s eason  progre s se s . 
Fecund i ty i s  rather h i gh i n  P. tanasi . Gonadal deve l opment  
begi ns i n  ear l y fa l l i n  preparat i on for  the w i n ter s pawn i ng s eason , a nd 
by December or  so  an  average 600 ova have matured . Data from sma l l 
s ampl e s  i nd i cate that fecund i ty i s  not h i g h l y  s i ze- re l a ted i n  P. tanasi , 
a l though t h i s has  to rema i n  s omewhat  i nconc l u s i ve . I n  ma l es ,  gonadal 
deve l o pmen t  i s  corres pond i ng l y  earl y ,  and many i nd i v i du a l s are f l owi ng 
freel y  by l ate November . 
As s tud i es of  other Percina have i nd i cated , there i s  ev i dence to 
i nd i cate that P .  tanasi i s  a mu l t i p l e  promi scuous  s pawner reproduc i ng 
over a peri od of several  weeks . Cou rt s h i p  behav i or  o bserved and patterns 
of  tubercu l at i o n  s uggest  that s na i l da rters s pawn i n  approx i ma te l y the  
s ame manner a s  other members of the  genus , a l though  pro ba b l y  i n  swi fter 
water than mos t .  Heavy tubercu l at i on may be a n  adaptat i on to fac i l i ta te 
s pawn i ng i n  areas of  s trong c urre n t . 
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Lab s tud i es on ear l y  deve l opmen t  of the s na i l da rter revea l a 
s l ow devel opmen t  proces s . At l ow wi n ter water tempera tures ( 6° C ) , 
hatch i ng may ta ke 1 8  to 20 days . I t  req u i red 1 5  days  for eggs  to hatch 
a t  1 2 . 5 ° C .  At 30  days l arvae were s t i l l s u bs i s t i ng on  the yo l k ,  and 
they proba b l y  wou l d  have ex i s ted as  pos t l arvae for severa l weeks  after 
th i s  peri od u nder natural cond i t i o n s  befo re undergo i ng tran s i t i on to 
j uven i l e  s tage s . Dur i ng th i s  pro l onged peri od , a s u b s tant i a l  amount  
of  l arva l dr i ft a pparent l y  occurs , the young  darters be i ng tra nspo rted 
to deeper areas  cons i derab l y downs tream of  the s hoal  areas i n  the L i ttl e 
Tennes see and even i nto the Tennes see R i ver . Surv i vors return ups tream 
as j uveni l es .  
Pos s i b ly  mos t  u n i que of  a l l the a s pects of P .  tanasi 1 s  ecol ogy 
are the d i etary re l at i ons h i ps .  As the name s ugges ts , the s na i l da rter 
s pec i a l i zes  heav i l y  on gas tropod s . A l though vary i n g  seasona l l y ,  gas tro ­
pods compri s e near l y  60  percent of the annua l  d i et i n  terms of b i omas s . 
Tri chopteran s  pro v i de the second mo s t  i mporta nt  food sou rce con s t i tut­
i ng a bout 22  percent of  the consumed b i oma s s . Th i s  d i et d i ffers tre­
mendous l y  from a s soc i ate s pec i es whos e  d i e t  empha s i s  i s  on d i pteran s . 
I n  terms of overa l l consumpt i on  l eve l s ,  the s na i l da rter 1 s  i n ta ke i n­
creases  marked l y i n  fa l l ( 62 . 2  mg/ day ) i n  the months  pr i o r  to s pawn i ng .  
There i s  l ow cons umpti on dur i ng the wi nter breed i ng season  ( 3 1 mg/day ) 
and a s u bs tant i a l  i ncrease  i n  s pr i ng f o l l owi ng s pawn i ng to 67 . 2  mg/ day . 
Summer l eve l s are a l ower 3 7 . 5  mg/ day . Con s umpt i on  l eve l s s eem to 
co-re l a te bes t  w i th reprod uct i ve a c t i v i t i es , be i ng h i gh j us t  pr i or  to 
and fo l l owi ng the s pawn i ng season . They do no t seem to corre l ate h i g h l y  
w i th water tempera ture . 
Morpho l o g i ca l l y , sna i l  darter s  a re apparen t l y  we l l  adapted to 
tak i ng re l at i ve l y l arge and i ncomp res s i b l e  prey . Gas tropods i n  exces s 
of 6 mm d i ameter are somet i me s  consumed . Rel at i ve gape s i ze proves to 
be l arges t  i n  P.  tanasi i n  a s u rvey of i ts a s soc i ate darter s pec i es 
and severa l other  s pec i es of Percina . 
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P. tanasi i s  broad l y  c l a s s i f i ed as  an  ob l i gate bottom feeder and 
a fi r st  l evel  ca rn i vore . I ts d i et refl ects  the feed i ng hab i tat wh i ch 
apparent l y  i s  l arge l y  con f i ned to grave l -s and port i o n s  of  s hoal s .  The 
feed i ng man ner of  the s na i l darter i s  qu i te un l i ke any of i ts a s soc i ates . 
Feed i ng  act i v i ty i s  d i urnal . Wi th res pect to ava i l a b i l 1 ty ,  a h i g h  degree 
of  se l ecti on  i s  apparen t l y  exerc i sed  by s na i l darters mos t  of  the year 
wi th s pec i a l i za t i on on gastropod s .  I ts a s soc i ates appear more oppor­
tun i s t i c .  Food competi t i on does not s eem to be a rea l i ty i n  the L i tt l e 
Tennes see R i ver at  ex i s t i ng  popu l a t i on l eve l s .  I t  wou l d  a ppear not to 
be a l i m i t i ng factor on P. tanas i i n  i ts present  env i ronmenta l s i tuati on . 
The d i etary reg i me of  the s na i l  darter i s  apparentl y l i tt l e  en croa ched 
u pon by other s pec i es , and i t  seem i ng l y  o cc u p i e s  a remote pos i t i o n  i n  
the L i tt l e Tennes see food web . 
The c h i ef predator upon adu l t  s na i  1 da rters  i s  pro ba b l y  Cot-tus 
caro linae . Other potent i a l  preda tors a re Sa lmo tru ttae , Stizostedion 
canadense , 8. vitreum , a nd Morone chrysops , a l though the i r  contr i but i on  
to  predat i on  i s  pro bab l y  mi n i ma l  mo s t  of the  t i me .  Lar v a l  s na i l  darters 
and eggs are proba b l y  preyed u pon  heav i l y  by darters of  a l l k i nds , i n ­
c l udi ng P. tanasi , a s  we l l as  o ther s pec i es  of  sma l l f i s h . Sna i l 
darters are v i rtu a l l y  free of  not i cea b l e paras i t i sm .  
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Conc l us i ons  
The  s ummar i zed fi nd i ngs  of t h i s s tudy , a l though not d i s cu s s ed i n  
g reat depth , descri be the eco l og i ca l  n i che o f  the sna i l darter . Further , 
genera l n i che defi n i t i on s  for t h i s s pec i es may be app l i ed i n  vary i ng 
degrees to other members of the subgenus  Imostoma a s  s uggested by 
fragmen ted data and a s i ng l e pub l i s hed l i fe h i s tory . 
The ch i ef c haracter i s t i c s  wh i ch probab l y  d i vorce the n i che of  
Imostoma and  the  s na i l darter from other Percina are a s pects of d i e t  
and reproduct i on . Members of  the s u bgenus s pawn very ear l y  i n  the year , 
so  they are tempo ra l l y  removed from compet i t i on fo r s pawn i ng s 1 te s . 
W i th i n Percina , they s pawn i n  perhaps  swi fter wa ter than mo s t  other 
members , further l i mi t i n g  compet i t i o n . Larvae are a l s o  s pared food 
competi ti on from l ater s pawners . Fu rther , the adu l ts s peci a l 1 ze i n  a 
d i et of  gastro pods where ava i l ab i l i ty perm i ts , i n s ur i ng  for themse l ves  
a food source l i tt l e  contes ted by other darter s pec i e s . 
On the negat i ve s i de , ea r l y  s pawn i ng a t  co l d  water temperatures  
pro l ongs  the  earl y devel opment phases  of  l i fe . Th i s  s u s ta i ned peri od 
of  vu l nerabi l i ty s u re l y  mus t  take i ts to l l  i n  morta l i ty of the young . 
Perhaps the re l at i ve l y h i g h fecu n d i ty of s na i l  darters , and probabl y 
Imostoma , may be an  evo l ut i onary response  to counteract th i s  s i tua t i on . 
The l arva l dri ft phenomenon so  dramat i cal l y  i mp l i cated i n  th i s  s tu dy 
i s  proba b l y  common to other Imostoma and many other f l u v i a l  s peci es  
a s  we l l . 
So evo l ved and s pe c i a l i zed , the s na i l  darte r ,  as  we l l  a s  other 
f l uv i a l  s pec i es , i s  q u i te v u l nerab l e to a l tera t i o n s  of any one  of the 
s evera l m i crohab i tats i t  req u i res t hroughout i ts l i fe .  The overa l l 
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effect of s uc h  pertu rbat i ons  may be e i ther a reduct i o n  i n  popu l at i on 
or  comp l ete ext i nct i on . The dependence on  the f l owi ng gravel  s hoa l  
hab i tat for reproduct i on , and  to  s ome degree feed i ng , ma kes th i s  s pec i es 
h i gh l y  vu l nerab l e  to i mpoundments  a s  ev i denced by i ts res tr i cted range , 
Den i ed acces s  from such  ha b i tats , the s na i l darter has  s u re l y  been 
ext i rpa ted from mos t  of i ts more exten s i ve former doma i n .  
A l though the L i tt l e  Tennes see represents the l as t  ecosystem 
conta i n i ng a l l qua l i t i es upon wh i c h  P. tanas i i s  dependen t ,  there i s  
ev i dence that con s i derab l e perturbati on may have occu rred there due to 
ups tream i mpoundments . A l though the water qua l i ty i s  except i o na l , f i s h  
po pu l at i on  dens i ty i s  q u i te l ow .  Food appea rs not to b e  the l i mi t i ng 
factor , thu s , i mp l i cat i ng reproduct i ve s ucces s .  The depre s s ed tempera­
ture reg i me and extended deve l opmen t  per i od pro ba b l y  adverse l y effects 
many s pec i es . However , i n  the case of an ada pted wi n te r  s pawne r , s u c h  
a s  the sna i l darter , the i ncreased  average current ve l oc i ty may be  a 
pr ima ry factor . Larval  dr i ft may be cons idera b l y  enha nced to t he po i nt 
that mos t  a re swept ent i re l y  out  of  t he r i ver i n to areas of more i n ­
tense predat i on and pos s i b l y  l i m i ted food supp l y .  
As a n  added re su l t to decreased  f i s h  popu l at i on  l evel s ,  the 
ta i l wa ter  reg i me of the L i tt l e Tennessee make s i t  i mpos s i b l e  to a scerta i n  
what the eco l og i ca l  s tatus  o f  the s na i l  darter and i ts a s soc i ates were 
i n  prei mpoundmen t  days . I t  i s  d i f f i c u l t to p l ace i n  perspect i ve the 
var i o u s  eco l og i ca l  re l at i ons h i ps wh i ch may have ex i s ted when there was 
greater opportu n i ty for i n terspec i f i c  and i ntra s pec i f i c  i n teracti on . 
Thus , a great deal  must  be l eft to s pecu l at i on concern i ng the  eco l o gy 
and l i fe h i s to ry of the s na l l darter under natura l  cond i t i o n s , and o n l y  
the detai l s  of  what s u rel y mu s t  be a s u b s tanti a l l y  a l tered , but  at  
l ea s t  extant , l i fe sty l e have  been repo rted here i n .  Percina tanasi 
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seems faced w i th  a l mo s t  certa i n exti nct i on i f  the rema i nder of i ts hab i tat 
i s  i nundated by the  Tel l i co  Dam proj ect . 
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APPEND I X  
Tab l e 7 .  Sex , S ta ndard Length s , Sca l e Length s , and Back-Ca l cu l a ted 
S tandard Lengths  of 71 Percina tanasi a t  F i rs t  ( I )  and 
Second ( I I )  Ann u l u s  Depo s i t i on and S ca l e Edge ( R )  
Sca l e  Length Co l l ect i on Back- Ca l c .  S L  
Sex SL  I I I  R Date I I I  
J *  3 8  3 5  2 0  J u n e  7 5  
J 39 36 1 6  Aug  73  
J 4 1  40  1 6  Aug 73  
J 43 3 7  2 0  J u n e  7 5  
J 43 37  2 0  J u ne 75  
J 43 39 1 6  Aug 73 
J 43 38 1 6  Aug  73 
J 43 3 5  1 6  A u g  73  
J 44 40 20  J u ne 7 5  
J 44 37  1 6  Aug 73  
J 44 37  1 6  Aug  7 3  
J 44 4 1  1 6  A u g  7 3  
J 45  38 1 6  Aug 73 
J 45 40  2 Aug  75  
J 45  40  6 Sept  75  
J 46 3 9  6 Sept 7 5  
J 46 38 1 6  Au g 7 3  
F 48 38 44 6 Feb 76 44 . 6  
M 48 4 1  1 6  Aug 73  
? 48 44 49  2 Aug 75  50 . 1  
F 49 38 45 6 Sept 75 44 . 6  
M 50  35  42 6 Sept  75 4 1 . 9  
F 5 1  34 47 6 Feb 76 41 . 0  
M 52  38  45 1 6  Apr 76  44 . 6  
F 52  44 4 7  1 6  A u g  7 3  50 . 1  
M 53 39 52 3 1  Oct  7 5  45 . 5  
M 53  40  45  1 6  Aug 7 3  46 . 5  
M 54 3 1  4 4  6 F e b  7 6  38 . 3  
F 54 36 49 22  Apr 7 5  · 4 2 . 8  
F 54 36 49 1 6  Aug 7 3  42 . 8  
F 54 38  47 1 6  Aug 73  44 . 6  
M 54 38 50 1 6  Apr 7 6  44 . 6  
M 54 37  50  1 6  Apr 76  43 . 7  
F 5 5  3 5  46 20  J u n e  7 5  4 1 . 9  
F 5 5  4 1  45 1 4  Nov 74 47 . 4  
M 5 5  3 9  46  1 6  Apr  7 6  45 . 5  
. M  5 5  3 5  48  1 9  Dec 7 5  4 1 . 9  
F 5 5  37  47 1 9  Dec 7 5  43 . 9  
M 56  37  49  1 9  Dec  7 5  43 . 7  
F 56 3 9  4 7  1 9  Dec 7 5  45 . 5  
F 56  38 48 1 6  Apr 7 6  44 . 6  
F 57  38 50 1 6  Apr 76  44 . 6  
1 3 7 
1 38 
Ta b l e 7 ,  cont i nued 
Sca l e  Length Co l l ect i on Bac k -Ca l c .  S L  
Sex S L  I I I  R Date I I I  
F 5 7  39  5 2  1 9  Dec 7 5  4 5 . 5  
F 57  34 64 1 6  Aug  7 3  4 1 . 0  
F 58 3 9  5 0  1 6  A u g  7 3  45 . 5  
M 58 42 52  22  Apr  7 5  48 . 3  
M 58 42 5 1  22  Apr 7 5  48 . 3  
F 58 4 1  54 1 6  Apr 76  47 . 4  
M 58 38 51  22  Apr 75 44 . 6  
M 59 39  57  31 Oct  75  45 . 5  
M 59 3 7  4 5  4 N o v  7 4  43 . 7  
M 59 40 50 1 6  Aug 7 3  46 . 5  
M 59 40 52 1 6  Apr 76 46 . 5  
F 60 36 55 57  4 Nov 7 4  42 . 8  60 . 1  
M 60 30 49  5 3  4 Nov 74  37 . 4  54 . 6  
M 61  40 52 55 6 Nov 7 3  46 . 5  57 . 4  
M 6 1  3 8  5 5  58 4 Nov 74 44 . 6  60 . 1 
M 62 39 54 60  3 1  Oct  75  4 5 . 5  59 . 2  
F 62  39 53  57  6 Sept 7 5  45 . 5  58 . 3  
M 62  38  51 56 6 Sept 75 46 . 5  56 . 5  
M 62 4 1  49 57 1 9  Dec 75 4 7 . 4  54 . 6  
M 62 37  55  59 22  Apr 7 5  4 3 . 7  60 . 1  
F 64 39  55  6 2  22  A p r  7 5  4 5 . 5  6 0 . 1 
F 64 4 1  44 54 6 Nov 7 3  47 . 4  54 . 6  
F 64 37 49 60 3 1  Oct 7 5  43 . 7  54 . 6  
F 64 36 47 57 6 Feb 7 6  4 2 . 8  52 . 8  
F 66  3 9  54 68  3 1  Oct  7 5  45 . 5  59 . 2  
M 66 3 7  5 1  55  4 Nov  7 4  43 . 7  56 . 5  
F 66  40  49 59 6 Feb 76 46 . 5  54 . 6  
M 66 41 57 6 2  3 1  Oct  7 5  4 7 . 4  6 1 . 9  
F 67  40 52 58 22 Apr 7 5  46 . 5  57 . 4  
x 3 7 . 4  52 . 0  x 45 . 6  5 7 . 3  
S . D .  2 . 45 2 . 64 
Mal es On l y  46 . 3  57 . 8  
Fema l e s  O n l y  44 . 7  56 . 8  
*J uven i l e  
To ta l s :  27  Ma l es 
26 Fema l es  
1 8  Juven i l es 
Ta b l e 8 .  S umma ri zed Food Data of F.  tanasi and  As s o c i a te d  Spec i e s for W i n ter  and Spr i ng  S ta ted  a s  Tota l 
N umber o f  Orga n i sms Cons umed and Percentage o f  Tota l  D i e t  ( Parenthe s e s ) to Nearest  Who l e N umber 
W i n ter  S�r i ng 
F.  F .  F. c. F.  F .  F .  c.  
tanasi evides ca2_rodes carolinae Other* tanasi evides ca2_rodes carolinae Other* 
N - - - - - - - 1 1 24 1 1  3 1  7 1 5  1 7  1 9  1 5  0 
Mo l l u s ea 
Sphaeriwn 
2 ( 0 1  ) Anculosa 92  ( 0 1  ) 4 ( 03 )  4 3 ( 32 )  
Lithasia 2 ( 01 ) 
Pleurocera 1 ( 01 ) 
Fhysa 7 ( 06 )  
Ferrissia 1 5 ( 1 1 )  
Menetus 
Tri c ho ptera 
Brachycentrus 1 1  ( 03 � 5 ( 02 )  8 ( 06 )  1 � O l ) 3 1  ( 2 3 )  9 ( 06 )  23 ( 06 )  2 ( 02 )  
Hydropsyche 5 ( 0 1  1 2 ( 04 )  38 ( 26 )  1 0 1  ) 2 ( 0 2 )  2 ( 0 1  ) 20 ( 04 )  1 4 ( 1 1 )  
Chewnatopsyche 2 ( 01 ) 1 ( 0 1 ) 
Macronemurn 
GZossosoma 8 ( 03 )  2 ( 0 1 ) 6 ( 03 )  1 ( 0 1  ) 
Lepidostoma 4 ( 03 )  3 ( 02 )  5 ( 04 ) 7 ( 06 )  
Ephemeroptera 
Ephemere l la 7 ( 05 )  2 ( 02 )  8 ( 0 5 )  1 3 ( 0 3 )  1 8 ( 1 4 )  
Stenonema 1 ( 0 1  ) 1 ( 0 1  ) 2 (  0 1 ) 5 ( 03 )  2 ( 02 )  2 ( 0 1  ) 7 ( 0 1 ) 7 ( 06 )  
P l ecoptera 
Fteronarcy2 6 ( 04 )  
Isoperla 1 ( 0 1  ) 1 ( 0 1  ) 6 ( 0 1 ) 
Isogenus 2 ( 0 1 ) 5 ( 03 )  
w 
\.0 
Ta b l e  8 ,  cont i n ued 
W i nter S�ri ng 
P. P.  P. c. P. P. P. c .  
tanasi evides cap_rodes carol inae Other* tanasi evides cap_rodes caro linae Other* 
N - - -- - - - 1 1 24 1 1  3 1  7 1 5  1 7  1 9  1 5  0 
D i ptera 
372 ( 92 )  2 1 6 ( 78 )  6 0 ( 4 1 ) C h i roriomi ds  1 1 8 ( 96 )  5 ( 04 )  1 09 ( 69 )  283 ( 62 )  6 5 ( 52 )  
Sinru liwn 4 ( 01 j 1 ( 0 1  ) 2 ( 0 1 ) 63 ( 1 4 ) 
Antocha 1 ( 0 1  ) 7 ( 02 )  2 3 ( 08 )  5 ( 03 )  2 ( 0 1 ) 1 0 ( 02 )  4 ( 03 ) 
B l epharo ce r i d s  1 ( 0 1  ) 9 ( 03 )  9 ( 07 )  2 1  ( 1 3 )  1 1 ( 02 )  7 ( 06 )  
Other  
F i s h  Eggs  1 1  ( 0 8 )  1 ( 0 1  ) 1 5 ( 0 3 )  
Retinel la 
( te rre s t r i a l  
g a s tropod ) 1 ( 0 1 ) 
Hymenoptera 1 ( 0 1  ) 
To ta l Prey 
I tems 1 03 403 278  1 45 1 23 1 33 1 5 7 454 1 25 
*Peri phera l  a s soc i a tes - -Hybopsis aestival is , Nocom-is micropogon , Phenacobius uranops , Hypentelium nigricans , 
Etheostoma rufil ineatum . 
+:> 
0 
Tab l e  9 .  S ummar i zed Food Data of P.  tanasi and  A s s oc i ated S pe c i e s  fo r Summer and Fa l l  Stated a s  Tota l 
N umber o f  Orga n i sms Cons umed and  Percentage of  Total D i et ( Parenthe s e s ) to Neares t  Who l e  Number 
Summer Fa l l 
P. P. P. c.  P. P. P.  c. 
tanasi ev��des cap_rodes carol inae Other* tanasi evides cap_rodes caro l inae Other*  
N - - - - - - - 24 6 4 1 0  4 1 7  8 l O  1 4  I 
Mol l u s c a  
Sphaeriwn 5 ( 01 ) 
Anculosa 1 1 5 ( 22 )  230 (  8 1 ) 
Lithasia 
Pleurocera 2 ( 0 1 ) 3 ( 0 1  ) 
Physa 80 ( 1 5 ) 30 ( 1 1  ) 
Ferrissia 1 ( 0 1  ) 
Menetus 3 ( 01 ) 
Tr i c ho ptera 
Brachycentrus 5 ( 07 )  6 ( 02 )  5 ( 0 1 ) 1 3 ( 5 2 )  5 ( 06 )  
Hydropsyche 
3 ( 0 1  ) 22 ( 3 2 )  8 (  1 1 ) 5 ( 02 )  1 7 ( 05 )  Chewnatopsyche 3 ( 1 2 )  1 ( O l ) 
Macronemum 2 ( 03 )  1 ( 03 ) 
Glossa soma 38 (  07 ) 4 ( 04 )  23 ( 34 )  2 ( 03 )  3 (  1 7 ) 3 ( 0 1 ) 1 8 ( 05 )  8 ( 1 0 )  
Lepidostoma 1 0 (03 ) 3 2 ( 40 )  
Ep hema roptera 
1 ( 0 1  ) EphemareZ Z a  2 ( 0 1  ) 2 ( 02 )  4 ( 06 )  2 ( 0 1  ) 34 ( 8 1 ) 2 (  O l ) 1 ( 04 ) 1 ( 0 1  ) 
Stenonema 2 ( 03 )  1 ( 0 1  ) 26  ( 07 ) 






Tab l e  9 ,  cont i nued  
Summer Fal l 
P. P. P. c. P. P. P.  c.  
tanasi evides cap_rcdes carol inae Other* tanasi evides cap_rodes caro linae Other* 
N - - - - - - -24 6 4 1 0  4 1 7  8 l O 1 4  I 
D i ptera 
3 ( 0 1 ) 6 ( 05 )  1 ( 0 1  ) 45 ( 64 )  C h i ronomi d s  6 ( 33 )  1 ( 0 1  ) 7 ( 1 7 )  268 ( 7 6 )  8 ( 3 2 )  3 1  ( 3 9 )  
Simulium 266 ( 50 )  93 ( 85 )  4 ( 06 )  3 ( 04 ) 5 ( 28 )  1 ( 0 2 ) 
Antocha 3 (  0 1 ) 1 ( 0 1  ) 3 (  1 7 ) 1 ( 0 1  ) 7 ( 02 ) 2 ( 03 )  
B l epharocer i ds  
Other  
F i s h  Eggs  9 ( 02 )  4 ( 04 )  1 5 ( 22 ) 
Retine l la 
Hymeno ptera 
Tota l  Prey 
I tems 529 l 09 68 70 1 8  283 42 353 2 5  8 0  
*Peri pheral  a s so c i ate s - -Hybopsis aes tivalis , Nocomis micropogon , Phenacobius urc.nops , Hypente liwn nigricans , 
Etheostoma rufil ineatum . 
+:> 
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